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A novel method of tumor immunotherapy is described comprising the genetic modification of cells resulting in the secre- 
tion of cytokine gene products to stimulate a patient's immune response to tumor antigens. In one embodiment, autologous fibro- 
blasts genetically modified to secrete at least one cytokine gene product are utilized to immunize the patient in a formulation with 
tumor antigens at a site other than an active tumor site. In another embodiment, cells genetically modified to express at least one 
tumor antigen product and to secrete at least one cytokine gene product are utilized in a formulation to immunize the patient at a 
site other than an active tumor site. 
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Lvmphokine Gene Therapy of Cancer 
BACKGROUND 

This application is a continuation-in-part of 
United States Patent Application Serial No. 07/781,356, 
5 filed on October 25, 1991, which is a continuation-in-part 
of United States Patent Application Serial No. 07/720,872, 
filed on June 25, 1991, both of which are incorporated 
herein in their entirety. 

Recent advances in our understanding Of the 
10 biology of the immune system have lead to the 
identification of important modulators of immune responses, 
called cytokines ( 1-3 ) . Immune system modulators produced 
by lymphocytes are termed lymphokines, a subset of the 
cytokines. These agents mediate many of the immune 
15 responses involved in anti-tumor immunity. Several of 
these cytokines have been produced by recombinant DNA 
methodology and evaluated for their anti-tumor effects. 
The administration of lymphokines and related 
immunomodulators has resulted in objective tumor responses 
20 in patients with various types of neoplasms (4-7). 
However, current modes of cytokine administration are 
frequently associated with toxicities that limit the 
therapeutic value of these agents. 

For example, interleukin-2 (IL-2) is an important 
25 lymphokine in the generation of ant i- tumor immunity (4). 
In response to tumor antigens, a subset of lymphocytes 
termed helper T-cells secrete small quantities of IL-2. 
This IL-2 acts locally at the site of tumor antigen 
stimulation to activate cytotoxic T-cells and natural 
30 killer cells which mediate systemic tumor cell destruction. 
Intravenous, intralymphatic and intralesional 
administration of IL-2 has resulted in clinically 
significant responses in some cancer patients (4-6). 
However, severe toxicities (hypotension and adema) limit 
35 the dose and efficacy of intravenous and intralymphatic IL- 
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2 administration (5-7). The toxicity of systemically 
administered lymphokines is not surprising as these agents 
mediate local cellular interactions and they are normally 
secreted in only very small quantities. 

5 Additionally, other cytokines, such as 

interleukin-4 (IL-4), alpha interferon (a-INF) and gamma 
interferon ( y-INF) have been used to stimulate immune 
responses to tumor cells. Like IL-2, the current modes of 
administration have adverse side effects. 

10 To circumvent the toxicity of systemic cytokine 

administration, several investigators have examined 
intralesional injection of IL-2. This approach eliminates 
the toxicity associated with systemic IL-2 administration 
(8,9,10). However, multiple intralesional injections are 

15 required to optimize therapeutic efficacy (9,10). Hence, 
these injections are impractical for many patients, 
particularly when tumor sites are not accessible for 
injection without potential morbidity. 

An alternative approach, involving cytokine gene 
20 transfer into tumor cells, has resulted in significant 
anti-tumor immune responses in several animal tumor models 
(11-14). In these studies, the expression of cytokine gene 
products following cytokine gene transfer into tumor cells 
has abrogated the tumorigenicity of the cytokine -secreting 
25 tumor cells when implanted into syngeneic hosts. The 
transfer of genes for IL-2 (11,12) y-INF (13) or 
interleukin-4 (IL-4) (14) significantly reduced or 
eliminated the growth of several different histological 
types of murine tumors. In the studies employing IL-2 gene 
30 transfer, the treated animals also developed systemic anti- 
tumor immunity and were protected against subsequent tumor 
challenges with the unmodified parental tumor (11,12). 
Similar inhibition of tumor growth and protective immunity 
was also demonstrated when immunizations were performed 
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with a mixture of unmodified parental tumor cells and 
genetically modified tumor cells engineered to express the 
IL-2 gene. No toxicity associates with localized 
lymphokine transgene expression was reported in these 
5 animal tumor studies (11-14). 

While the above gene-transfer procedure has been 
shown to provide anti-tumor immunity, it still retains 
practical difficulties. This approach is limited by the 
inability to transfer functional cytokine genes into many 
10 patients' tumor cells, as most patients' tumors cannot be 
established to grown in vitro and methods for human in vivo 
gene transfer are not available. 

SUMMARY OF THE INVENTION 

The present invention demonstrates a novel, more 
practical method of cytokine cancer immunotherapy. Ih one 
approach, selected cells from a patient, such as 
fibroblasts, obtained, for example, from a routine akin 
biopsy, are genetically modified to express one or more 
cytokines. Alternatively, patient cells which may normally 
serve as antigen presenting cells in the immune system such 
as macrophages, monocytes, and lymphocytes may also be 
genetically modified to express one or more cytokines. 
These modified cells are hereafter called cytokine - 
expressing cells, ore CE cells. The CE cells are then 
mixed with the patient's tumor antigens, for example in the 
form of irradiated tumor cells, or alternatively in the 
form of purified natural or recombinant tumor antigen/ and 
employed in immunizations, for example subcutaneously> to 
induce systemic anti-tumor immunity. 

30 The cytokines are locally expressed at levels 

sufficient to induce or augment systemic anti-tumor immune 
responses via local immunization at sites other than active 
tumor sites. Systemic toxicity related to cytokine 
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administration should not occur because the levels of 
cytokine secreted by the CE cells should not significantly 
affect systemic cytokine concentrations. 

As the amount of cytokine secreted by the CE 
5 cells is sufficient to induce anti-tumor immunity but is 
too low to produce substantial systemic toxicity, this 
approach provides the benefit of local cytokine 
administration. In addition, this novel method obviates 
the need for intralesional injections, which may produce 

10 morbidity. Furthermore, the continuous local expression of 
cytokine(s) at the sites of immunization may also augment 
anti-tumor immune responses compared to intermittent 
cytokine injections. This method also provides the 
advantage of local immunization with the CE cells, as 

15 opposed to cumbersome intravenous infusions. This method 
also eliminates the need for establishing tumor cell lines 
in vitro as well as transfer of genes into these tumor 
cells. 

This invention also provides an alternative means 

20 of localized expression of cytokines to induce and/or 
increase immune responses to a patient's tumor through 
genetic modification of cellular expression of both 
cytokine ( s ) and tumor antigen ( s ) . In this embodiment , 
selected cells from a patient are isolated and transduced 

25 with cytokine gene(s) as well as gene(s) coding for tumor 
antigen(s). The transduced cells are called "carrier 
cells." Carrier cells can include fibroblasts and cells 
which may normally serve as antigen presenting cells in the 
immune system such as macrophages, monocytes, and 

30 lymphocytes. Transduced carrier cells actively expressing 
both the cytokine(s) and the tumor antigen(s) are selected 
and utilized in local immunizations at a site other than 
active tumor sites to induce anti-tumor immune responses. 
As with the CE cells, these carrier cells should not 

35 produce substantial systemic toxicities, as the levels of 
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cytokine(s) secreted by the carrier cells should not 
significantly affect systemic cytokine concentrations. 
This alternate embodiment is advantageous because it 
obviates the need to obtain samples of the tumor, which is 
5 sometimes difficult. However, carrier cells can be 
utilized in local immunizations in conjunction with tumor 
cells, tumor cell homogenates, purified tumor antigens, or 
recombinant tumor antigens to enhance anti-tumor immunity. 

Additionally, this second embodiment retains the 
10 same advantages as the first embodiment in that the level 
of cytokine released by the carrier cells is sufficient to 
induce anti-tumor immunity but is too low to produce 
substantial systemic toxicity. In addition, as with the 
first embodiment, this method obviates the need for 
15 intralesional injections, and allows for continuous 
expression of cytokine (s) . This method also eliminates the 
need for establishing continuous cultures in vitro of tumor 
cells as well as transfer of genes into these tumor cells, 
and provides the advantage of local immunization with the 
20 carrier cells, as opposed to cumbersome lengthy intravenous 
infusions. 

These approaches may also find application in 
inducing or augmenting immune responses to other antigens 
of clinical significance in other areas of medical 
25 practice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows schematic diagrams of retroviral 
vectors DC/TKIL2 , LXSN-IL2, and LNCX-IL2. 

Figure 2 shows a mean IL-2 concentration of 
30 triplicate supernatant samples measured by ELISA. 
Supernatants were harvested from overnight cultures of 
approximately 1.5 x 10* semi-confluent fibroblasts. 
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Figure 3 shows biological activity of the IL-2 
secreted by the transduced fibroblasts was demonstrated by 
measuring mean J H-TdR incorporation of an IL-2 dependent T- 
cell line incubated with triplicate samples of 
5 supernatants . Supernatants were harvested from overnight 
cultures of approximately 1.5 x 10 s semi-confluent 
fibroblasts. 

Figure 4 shows comparisons between animals 
injected with 10 s CT26 tumor cells alone {□) ; 10 s CT26 tumor 

10 cells and 2 x 10 s unmodified BALB/C fibroblasts (I) ; 10 s 
CT26 tumor cells and 2 x 10' IL-2 transduced BALB/C 
fibroblasts (t); and 10 s CT26 tumor cells and 1 x 10 s 
transduced BALB/C fibroblasts (o). Tumor measurements are 
the mean products of the cross-sectional diameter of the 

15 tumors from four animals in each treatment group. The (*} 
indicates statistically significant difference (P < 0.05) 
in tumor growth curves. 

Figure 5 shows PCR analysis of neomycin phospho- 
transferase DNA sequences. Lane 1 - positive control 
20 pLXSN-RI-IL2 . Lanes 2 through 4 tests genomic DNA; Lanes 
5 and 6 ovary genomic DNA; Lane 7 negative control, no DNA. 
Identical results were obtained with liver, spleen and lung 
genomic DNA (data not shown). 

Figure 6 shows the effect of IL-2 modified 
25 fibroblasts on tumor establishment and development using 2 
x 10' fibroblasts mixed with 5 x 10* CT26 tumor cells 
concentrating on the rate of tumor growth. 

Figure 7 shows the effect of IL-2 modified 
fibroblasts on tumor establishment and development using 2 
30 x 10* fibroblasts mixed with 5 x 10 4 CT26 tumor cells 
concentrating on the time of tumor onset for the individual 
animal in each treatment group. 
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Figure 8 shows the effect of IL-2 modified 
fibroblasts on tumor establishment and development using 2 
x 10 s fibroblasts mixed with 1 x 10 s CT26 tumor Cells 
concentrating on the rate of tumor growth. 

5 Figure 9 shows the effect of IL-2 modified 

fibroblasts on tumor establishment and development using 2 
x 10 s fibroblasts mixed with 1 x 10 s CT26 tumor cells 
concentrating on the time of tumor onset for the individual 
animal in each treatment group. 

10 Figure 10 shows the effect of IL-2 modified cells 

on tumor establishment and development using 2 x 10' DCTK- 
IL2-modified CT26 tumor cells mixed with 1 x 10 s unmodified 
CT26 compared to 2 x 10 s DCTK-IL2-modif ied fibroblasts mixed 
with 1 x 10 s CT26 concentrating on the rate of tumor growth. 

15 Figure 11 shows the effect of IL-2 modified cells 

on tumor establishment and development using 2 x 10* DCTK- 
IL2 -modified CT26 tumor cells mixed with 1 x 10 s unmodified 
CT26 compared to 2 x 10' DCTK-IL2 -modified fibroblasts nixed 
with 1 x 10 s CT26 concentrating on the time of tumor onset 

20 for the individual animal in each treatment group. 

Figure 12 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the rate of tumor growth. Mice were immunized with 2 
x 10* fibroblasts mixed with 2.5 x 10 s irradiated CT26 tumor 
25 cells 7 days prior to challenge with 5 x 10* fresh tumor 
cells. 

Figure 13 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the time of tumor onset for the individual animal in 
30 each treatment group. Mice were immunized with 2 x 10* 
fibroblasts mixed with 2.5 x 10* irradiated CT26 tumor cells 
7 days prior to challenge with 5 x 10* fresh tumor cells. 
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Figure 14 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the rate of tumor growth. Mice were immunized with 2 
x 10* fibroblasts mixed with 2.5 x 10 s irradiated CT26 tumor 
5 cells 14 days prior to challenge with 5 x 10 4 fresh tumor 
cells. 

Figure 15 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor i mmu nity 
and the time of tumor onset for the individual animal in 
10 each treatment group. Mice were immunized with 2 x 10 s 
fibroblasts mixed with 2.5 x 10 s irradiated CT26 tumor cells 
14 days prior to challenge with 5 x 10" fresh tumor cells. 

DETAILED DESCRIPTION 

A novel method of tumor immunotherapy is 

15 described comprising the genetic modification of cells 
resulting in the secretion of cytokine gene products to 
stimulate a patient's immune response to tumor antigens. 
"Gene" is defined herein to be a nucleotide sequence 
encoding the desired protein. In one embodiment, 

20 autologous fibroblasts genetically modified to secrete at 
least one cytokine gene product are utilized to immunize 
the patient in a formulation with tumor antigens at a site 
other than an active tumor site. In another embodiment, 
cells genetically modified to express at least one tumor 

25 antigen gene product and to secrete at least one cytokine 
gene product are utilized in formulation to immunize the 
patient at a site other than an active tumor site. 
Cytokines are preferably expressed in cells which 
efficiently secrete these proteins into the surrounding 

30 milieu. fibroblasts are an example of such cells. 
Fibroblasts or other cells can be genetically modified to 
express and secrete one or more cytokines, as described 
later in this specification. 
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Tumor antigens can be provided by several 
methods, including, but not limited to the following: 1) CE 
cells can be transduced with gene(s) coding for tumor 
antigens. These "carrier cells" are then utilized in 
5 patient immunizations. 2) Cloned gene sequences coding for 
appropriate tumor antigens can be transferred into cells 
such as fibroblasts or antigen-presenting cells. These 
cells are then mixed with CE or carrier cells to immunize 
the patient. 3) Tumor antigens can be cloned in bacteria 

10 or other types of cells by recombinant procudures. These 
antigens are then purified and employed an immunization 
with CE and/or carrier cells. 4) Tumor antigens can be 
purified from tumor cells and used, along with CE or 
carrier cells, to immunize the patient. 5) Tumor cells may 

15 be irradiated or mechanically disrupted and mixed with CE 
and/or carrier cells for patient immunizations. 

This invention encompasses the following steps: 
(A) isolation of appropriate cells for generation of CE 
cells or carrier cells; (B) isolation of cytokine genes or 

20 isolation of cytokine genes and tumor antigen genes, as 
well as appropriate marker and/or suicide genes; (C) 
transfer of the genes from (B) to produce the CE cells or 
carrier cells; (D) preparation of immunological samples of 
the patient's tumor antigens or other suitable tumor 

25 antigens for immunization with CE or carrier cells; (E) 
inactivation of the malignant potential of tumor cells if 
they are used as a source of tumor antigens for 
immunization; and (F) preparation of samples for 
immunization. Following are several embodiments 

30 contemplated by the inventors. However, it is understood 
that any means known by those in the art to accomplish 
these steps will be usable in this invention. 
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(A) Isolation of Cells to Generate CE and 
Carrier Cells 

Cells to be utilized as CE cells and carrier 
cells can be selected from a variety of locations in the 
5 patient's body. For example, skin punch biopsies provide 
a readily available source of fibroblasts for use in 
generating CE cells, with a minimal amount of intrusion to 
the patient. alternatively, these fibroblasts can be 
obtained from the tumor sample itself. Cells of 

10 hematopoietic origin may be obtained by venipuncture, bone 
marrow aspiration, lymph node biopsies, or from tumor 
samples. Other appropriate cells for the generation of CE 
or carrier cells can be isolated by means known in the art. 
Non-autologous cells similarly selected and processed can 

15 also be used. 



(B) Isolation of Genes 



Numerous cytokine genes have been cloned and are 
available for use in this protocol. The genes for IL-2, 
Y-INP and other cytokines are readily available {1-5, 11- 
20 14). Cloned genes of the appropriate tumor antigens are 
isolated according to means known in the art. 



Selectable marker genes such as neomycin 
resistance (Neo*) are readily available. Incorporation of 
a selectable marker gene(s) allows for the selection of 
25 cells that have successfully received and express the 
desired genes. Other selectable markers known to those in 
the art of gene transfer may also be utilized to generate 
CE cells or carrier cells expressing the desired 
transgenes. 

30 "Suicide" genes can be incorporated into the CE 

cells or carrier cells to allow for selective inducible 
killing after stimulation of the immune response. A gene 
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such as the herpes simplex virus thymidine kinase gene (TK) 
can be used to create an inducible destruction of the CE 
cells or carrier cells. When the CE cells or carrier cells 
are no longer useful, a drug such as acyclovir or 
5 gancyclovir can be administered. Either of these drugs 
will selectively kill cells expressing TK, thus eliminating 
the implanted transduced cells. Additionally, a suicide 
gene may be a gene coding for a non-secreted cytotoxic 
polypeptide attached to an inducible promoter. When 

10 destruction of the CE or carrier cells is desired, the 
appropriate inducer of the promoter is administered so that 
the suicide gene is induced to produce cytotoxic 
polypeptide which subsequently kills the CE or carrier 
cell. However, destruction of the CE or carrier cells may 

15 not be required. 

Genes coding for tumor antigen(s) of interest can 
be cloned by recombinant methods. The coding sequence of 
an antigen expressed by multiple tumors may be utilized for 
many individual patients. 

20 (C) Transfer of Genes 

Numerous methods are available for transferring 
genes into cultured cells (15). For example, the 
appropriate genes can be inserted into vectors such as 
plasmids or retroviruses and transferred into the cells. 
25 Electroporation, lipofection and a variety of other methods 
are known in the field and can be implemented. 

One method for gene transfer is a method similar 
to that employed in previous human gene transfer studies, 
where tumor infiltrating lymphocytes (TILs) were modified 
30 by retroviral gene transduction and administered to cancer 
patients (16). In this Phase I safety study of retroyital 
mediated gene transfer, TILs were genetically modified to 
express the Neomycin resistance (Neo*) gene. Following 
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intravenous infusion, polymerase chain reaction analyses 
consistently found genetically modified cells in the 
circulation for as long as two months after administration. 
No infectious retroviruses were identified in these 
5 patients and no side effects due to gene transfer were 
noted in any patients (16). These retroviral vectors have 
been altered to prevent viral replication by the deletion 
of viral gag, pol and env genes. 



When retroviruses are used for gene transfer, 

10 replication competent retroviruses may theoretically 
develop by recombination between the retroviral vector and 
viral gene sequences in the packaging cell line utilized to 
produce the retroviral vector. We will use packaging cell 
lines in which the production of replication competent 

15 virus by recombination has been reduced or eliminated. 
Hence, all retroviral vector supernatants used to infect 
patient cells will be screened for replication competent 
virus by standard assays such as PCR and reverse 
transcriptase assays (16). Furthermore, exposure to 

20 replication competent virus may not be harmful. In studies 
of subhuman primates injected with a large inoculum of 
replication competent murine retrovirus, the retrovirus was 
cleared by the primate immune system ( 17 ) . No clinical 
illnesses or sequelae resulting from replication competent 

25 virus have been observed three years after exposure. In 
summary, it is not expected that patients will be exposed 
to replication competent murine retrovirus and it appears 
that such exposure may not be deleterious { 17 ) . 



(D) Preparation of Immunological Samples of the 

Patient's Tumor Antigens or Purged 

Recombinant Tumor Antigens 

Tumor cells bearing tumor associated antigens are 
isolated from the patient. These cells can derive either 
from solid tumors or from leukemic tumors. For solid 
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tumors, single-cell suspensions can be made by mechanical 
separation and washing of biopsy tissue (18). 



Hematopoietic tumors may be isolated from 
peripheral blood or bone marrow by standard methods (19). 

5 A second variant is the use of homogenates of 

tumor cells. Such homogenates would contain tumor antigens 
available for recognition by the patient's immune system 
upon stimulation by this invention. Either unfractionated 
cell homogenates, made, for example, by mechanical 
10 disruption or by freezing and thawing the cells, or 
fractions of homogenates preferably with concentrated 
levels of tumor antigens, can be used. 

Likewise, purified tumor antigens, obtained for 
example by immunoprecipitation or recombinant DMA methods, 
15 could be used. Purified antigens would then be utilized 
for immunizations together with the CE cells and/or carrier 
cells described above to induce or enhance the patient's 
immune response to these antigens. 

In the embodiments employing carrier cells, tumor 
20 antigens are available through their expression by the 
carrier cells. These carrier cells can be injected alone 
or in conjunction with other tumor antigen preparations or 
CE cells. Likewise, when CE cells are used, purified 
recombinant tumor antigen, produced by methods known in the 
25 art, can be used. 



If autologous tumor cells are not readily 
available, heterologous tumor cells, their homogenates, 
their purified antigens, or carrier cells expressing such 
antigens could be used. 
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(E) Inactivation of Tumor Cells 

When viable tumor cells are utilized in 
immunizations as a source of tumor antigens, the tumor 
cells can be inactivated so that they do not grow in the 
5 patient. Inactivation can be accomplished by several 
methods, the cells can be irradiated prior to immunization 
(18). This irradiation will be at a level which will 
prevent their replication. Such viable calls can then 
present their tumor antigens to the patient's immune 
10 system, but cannot multiply to create new tumors. 

Alternatively, tumor cells that can be cultured 
may be transduced with a suicide gene. As described above, 
a gene such as the herpes simplex thymidine kinase (TK) 
gene can be transferred into tumor cells to induce their 
destruction by administration of acyclovir or gancyclovir. 
After immunization, the TK expressing tumor cells can 
present their tumor antigens, and are capable of 
proliferation. After a period of time during which the 
patients 's immune response is stimulated, the cells can be 
selectively killed. This approach might allow longer 
viability of the tumor cells utilized for immunizations, 
which may be advantageous in the induction or augmentation 
of anti-tumor immunity. 

(F) Preparation of Samples for Immunization 

25 CE cells and/or carrier cells and tumor cells, 

and/or homogenates of tumor cells and/or purified tumor 
antigen (s), are combined for patient immunization. 
Approximately 10' tumor cells will be required. If 
homogenates of tumor cells or purified or non-purified 

30 fractions of tumor antigens are used, the tumor dose can be 
adjusted based on the normal number of tumor antigens 
usually present on 10 7 intact tumor cells. The tumor 
preparation should be mixed with numbers of CE or carrier 



15 



20 
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cells sufficient to secrete cytokine levels that induce 
anti-tumor immunity (11-12) without producing substantial 
systemic toxicity which would interfere with therapy* 

The cytokines should be produced by the CE cells 
5 or the carrier cells at levels sufficient to induce or 
augment immune response but low enough to avoid substantial 
systemic toxicity. This prevents side effects created by 
previous methods' administration of greater than 
physiological levels of the cytokines. 

10 These mixtures, as well as carrier cells that are 

utilized alone, will be formulated for injection in any 
manner known in the art acceptable for immunization. 
Because it is important that at least the CE cells and 
carrier cells remain viable, the formulations must be 

15 compatible with cell survival. Formulations can be 
injected subcutaneously, intramuscularly, or in any manner 
acceptable for immunization. 

Contaminants in the preparation which may focus 
the immune response on undesired antigens should be removed 
20 prior to the immunizations. 

The following examples are provided for 
illustration of several embodiments of the invention and 
should not be interpreted as limiting the scope of the 
invention. 
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IMMUNIZATION WITH FIBROBLASTS EXPRESSING IL-2 
MIXED WITH IRRADIATE D TUMOR CELLS 

H Isolation of Autolo gous Fibroblasts 
5 for Use in Generating IL-2 Se creting CE Cells 

Skin punch biopsies will be obtained from each 
patient under sterile conditions. The biopsy tissue will 
be minced and placed in RPMI 1640 media containing 10% 
fetal calf serum (or similar media) to establish growth of 
10 the skin fibroblasts in culture. The cultured fibroblasts 
will be utilized to generate IL-2 secreting CE cells by 
retroviral mediated IL-2 gene transfer. 

3) Retroviral Vector Preparation and 
Generation of IL-2 Secreting CE Cells 

15 The cultured skin fibroblasts will then be 

infected with a retroviral vector containing the IL-2 and 
Neomycin resistance (Neo R ) genes. An N2 vector containing 
the Neo* gene will be used, and has been previously utilized 
by a number of investigators for in vitro and in vivo work, 

20 including investigations with human subjects (16). The IL- 
2 vector will be generated from an N2-derived vector, 
LLRNL, developed and described by Friedmann and his 
colleagues (20). It will be made by replacement of the 
lucif erase gene of LLRNL with a full-length cDNA encoding 

25 human IL-2. Retroviral vector free of contaminating 
replication-competent virus is produced by transfection of 
vector plasmid constructions into the helper-free packaging 
cell line PA317. Before infection of patients' cells, the 
vector will have been shown to be free of helper virus. In 

30 the event that helper virus is detected, the vector will be 
produced in the GP + envAM12 packaging cell line in which 
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the viral gag and pol genes are separated from the env, 
further reducing the likelihood of helper virus production. 



5 incubated with supernatant from the packaging cell lino as 
described (20). Supernatant from these cells will be 
tested for adventitious agents and replication competent 
virus as described (16) and outlined in Table 1. The 
fibroblasts are washed and then grown in culture media 

10 containing G418, (a neomycin analogue) to select for 
transduced cells expressing the Neo* gene. The G418- 
resistant cells will be tested for expression of the IL-2 
gene by measuring the concentration of IL-2 in the culture 
supernatant by an enzyme linked immunosorbent assay (ELISA) 

15 (12). G418-resilient cells expressing IL-2 will be stored 
at -70°C until required for subsequent use in 
immunizations . 



31 Transduction Protocol 



The cultured primary fibroblasts will be 



Table 1 



Adventitious Agents and Safety Testing 



20 



1 . Sterility 

2 . Mycoplasma 

3. General Safety 



30 



25 



4. Viral Testing 
LCM Virus 
Thymic agent 
S+/L- eco 
S+/L-xeno 
S+/L- ampho 
3T3 amplification 
MRC-5/Vero 
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41 Preparation of Irradiate d Tumor Cells 



Tumors obtained form clinically indicated 
surgical resections or from superficial lymph node or skin 
metastases will be minced into 2-3 mm pieces and treated 
5 with collagenase and DNAse to facilitate separation of the 
tumor into a single cell suspension. The collected calls 
will be centrifuged and washed in RPMI 1640 media and then 
cryopreserved in a solution containing 10% dimethyl 
sulphoxide and 50% fetal calf serum in RPMI 1640 media. 

10 The cells will be stored in liquid nitrogen until the time 
of administration. Prior to their use in subcutaneous 
immunizations, the cells will be thawed, washed in media 
free of immunogenic contaminants, and irradiated with 4,000 
rads per minute for a total of 20,000 rads in a cesium 

15 irradiator. 

51 Patient Selection 

Patients will have a histologically confirmed 
diagnosis of cancer. Patients with tumors that must be 
resected for therapeutic purposes or with tumors readily 
20 accessible for biopsy are most appropriate for this 
embodiment of the invention. 

6> Pretreatment Evaluation 

The following pretreatment evaluations will be 

performed: 

25 l) History and physical examination including 

a description and quantification of disease activity. 
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2 ) Performance Status Assessment 

0 = Normal, no symptoms 

1 - Restricted, but ambulatory 

2 « Up greater than 50% of waking 
5 hours, capable of self -care 

3 = Greater than 50% of waking hours 

confined to bed or chair, limited 
self-care 

4 ■ Bedridden 

10 3) Pre treatment Laboratory: 

CBC with differential, platelet count, PT, PTT, 
glucose, BUN, creatinine, electrolytes, SGOT, SGPT, LDH, 
alkaline phosphatase, bilirubin, uric acid, calcium, total 
protein albumin. 

4) Other Analyses: 
Urinalysis 

CHj 0 , C 3 and C 4 serum complement levels 
Immunophenotyping of peripheral blood B cell and 
T cell subsets 

Assays for detectable replication-comp«t|nt 
virus in peripheral blood cells 

PCR assays of peripheral blood leukocytes 
for Neo*, IL-2 and viral env 

5) Other Pretreatment Evaluation: 
Chest X-ray and other diagnostic studies 

including computerized tomography (CT), magnetic resonance 
imaging (MRI) or radionuclide scans may be performed to 
document and quantify the extent of disease activity. 

Follow-up evaluations of these assessments at 
30 regular intervals during the course of therapy 
(approximately every 1 to 3 months) will be useful in 
determining response to therapy and potential toxicity, 



20 
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permitting adjustments in the number of immunizations 
administered. 

7) Restrictions on Concurrent Therapy 

For optimal effects of this treatment, patients 
5 should receive no concurrent therapy which is known to 
suppress the immune system. 

81 Final Formulation 

Each patient will receive subcutaneous 
immunizations with a mixture if irradiated tumor cells and 

10 autologous fibroblast CE cells genetically modified to 
secrete IL-2. Approximately 10 7 tumor cells will be mixed 
with 10' fibroblasts known to secrete at least 20 units/ml 
of IL-2 in tissue culture when semi -confluent ( 12 ) . The 
irradiated tumor cells and genetically modified fibroblasts 

15 will be placed in a final volume of 0.2 ml normal saline 
for immunization. 

9) Dose Adjustments 

At least two subcutaneous immunizations will be 
administered, two weeks apart, with irradiated tumor cells 
20 and autologous fibroblasts genetically modified to secrete 
IL-2. If no toxicity is observed, subsequent booster 
immunizations may be administered periodically (at least 
one week apart) to optimize the anti-tumor immune response. 

J) Treatment of Pot ential Toxicity 

25 Toxic side effects are not expected to result 

from these immunizations. However, potential side effects 
of these immunizations are treatable in the following 
manner : 
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If massive tumor cell lysis results, any 
resulting uric acid nephropathy, adult respiratory distress 
syndrome, disseminated intravascular coagulation or 
hyperkalemia will be treated using standard methods. 

5 Local toxicity at the sites of immunization will 

be treated with either topical steroids and/or surgical 
excision of the injection site as deemed appropriate. 

Hypersensitivity reactions such as chills, fever 
and/or rash will be treated symptomatically with 

10 antipyretics and antihistamines. Patients should not be 
treated prophylactically . Should arthralgias, 

lymphadenopathy or renal dysfunction occur, treatment with 
corticosteroids and/or antihistamines will be instituted. 
Anaphylaxis will be treated by standard means such as 

15 administration of epinephrine, fluids, and steroids. 

EXAMPLE II 

A. Retrovira l IL-2 Gene Transf er and Expression in 

Fibroblasts 

Retroviral vectors were employed to transfer and 
20 express IL-2 and neomycin phosphotransferase genes in 
murine and primary human fibroblasts. The retroviral 
vector DC/TKIL2 produced by Gilboa and co-workers 
(Gansbacher, et al., J. Exp. Med. 172:1217-1223, 1990, 
which is incorporated herein by reference) was utilized to 
25 transduce murine fibroblasts for application in an animal 
tumor model ( see Section B below) . Human fibroblasts were 
transduced with the retroviral vector LXSN-RI*IL2. 
Schematic diagrams of the structure of these retroviral 
vectors axe provided in Figure 1. A more complete 
30 description of the LXSN-RI-IL2 vector, including its 
nucleotide sequence, is provided in Example III and in 
Tables 2, 3 and 4. 
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Following infection with the described vectors 
and selection for 2-3 weeks in growth media containing the 
neomycin analogue G418, Balb/c and human embryonic 
fibroblast culture supernatants were harvested and tested 
5 for IL-2 by an enzyme-linked immunosorbent assay (ELISA) . 
Figure 2 depicts the levels of IL-2 secreted by the 
transduced fibroblasts. 

These results can be confirmed using negative 
control fibroblasts infected with an N2-derived retroviral 
10 vector expressing an irrelevant gene such as luciferame or 
fl-galactosidase and studies with adult human fibroblasts. 

Biological activity of the IL-2 expressed by the 
transduced human fibroblasts was confirmed by a cell 
proliferation bioassay employing an IL-2 dependent T cell 
15 line. In this assay, supernatant from the transduced 
fibroblasts and control unmodified fibroblasts were 
incubated with the IL-2 dependent T cell line CTLL-2. 
Incorporation of 3 H- thymidine was measured as an indicator 
of cell proliferation and IL-2 activity (Figure 3). 

20 B. Efficacy of Transduced Fibroblasts in an Animal 

Tumor Model 

The efficacy of fibroblasts genetically modified 
to secrete IL-2 was tested in an animal model of colorectal 
carcinoma. In these studies, the Balb/c CT26 tumor cell 

25 line was injected subcutaneously with Balb/c fibroblasts 
transduced to express IL-2. Control groups included 
animals injected with 1) a mixture of CT26 tumor cells and 
unmodified fibroblasts; 2) CT26 tumor cells without 
fibroblasts and 3) transduced fibroblasts alone. Ho tumors 

30 were detected in 3/8 animals treated with transduced 
fibroblasts and CT26 cells. In contrast, all untreated 
control animals (8/8) injected with CT26 tumor cells 
developed palpable tumors. No tumors were detected in the 
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animals inoculated with transduced fibroblasts without "CT26 
tumor cells. The mean CT26 tumor size in Balb/c mice 
injected with the IL-2 secreting fibroblasts was 
considerably smaller compared to the control groups (Figure 
5 4 ) . A multivariate non-parametric statistical procedure 
(Koziol, et al., Biometries 37:383-390, 1981 and Koziol, et 
al., Computer Prog. Biomed. 19:69-74, 1984, which is 
incorporated herein by reference) was utilized to evaluate 
differences in tumor growth among the treatment groups. 
10 The tumor growth curves for the four treatment groups 
presented in Figure 4 were significantly different 
(p«0.048). Subsequent comparisons between treatment groups 
revealed a significant difference (p < 0.05) in tumor 
growth between animals injected with CT26 tumor cells alone 
15 and animals treated with 2 x 10* transduced fibroblasts and 
CT26 tumor cells (Figure 4). 

gXAMPLE in 

A. Project Overview 

Lymphokine gene therapy of cancer will be 
evaluated in cancer patients who have failed conventional 
therapy. An N2-derived vector containing the neowycin 
phosphotransferase gene will be used. This vector has been 
employed by a number of investigators for in vitro aid in 
vivo studies including recently approved investigations 
with human subjects (Rosenberg et al., N. Eng. J. Med. , 
323:570-578, 1990). The lymphokine vectors used in this 
investigation will be generated from the N2-derived vector, 
LXSN, developed and described by Miller et al., Mol. Cell 
Biol. 6:2895, 1986 and Miller et al., BioTechniques 7*980, 
1989, which are incorporated herein by reference. The 
vector LXSN-RI-IL2 contains human IL-2 cDHA under the 
control of the retroviral 5' LTR promoter and the neomycin 
phosphotransferase gene under the control of the SV40 
promoter (see Figure 1). The normal human IL-2 lender 



25 
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sequence has been replaced with a chimeric sequence 
containing rat insulin and human IL-2 leader sequences (see 
Tables 2 , 3 and 4 ) . This chimeric leader sequence enhances 
IL-2 gene expression. 

5 To construct the LXSN-RI-IL2 vector, the 

bacterial plasmid pBC12/CMV/IL2 (Cullen, B.R., DNA 7i645- 
650, 1988, which is incorporated herein by reference) 
containing the full-length IL-2 cDNA and chimeric leader 
sequence was digested with Hindi 1 1 and the ends were 

10 blunted using Klenow polymerase. IL-2 cDNA was 

subsequently released from the plasmid by digestion with 
Bam HI. The IL-2 fragment was purified by electrophoresis 
in a 1% agarose gel and the appropriate band was extracted 
utilizing a glass powder method. Briefly, the gel slice 

15 was dissolved in 4M Nal at 55°. After cooling to room 
temperature, 4 ytl of oxidized silica solution (BIO- 10.1, La 
Jolla, CA) was added to adsorb the DNA. The silica was 
ythen washed with a cold solution of 50% ethanol containing 
0.1 M NaCl in TE buffer. The DNA was eluted from the 

20 silica by heating at 55° in distilled B a 0. The purified IL- 
2 cDNA was then directionally ligated into the Hpal-BamHI 
cloning sites of the pLXSN vector. A more complete 
description of the pLXSN-RI-IL2 vector and its partial 
nucleotide sequence are provided in Tables 2, 3, 4, 5 and 

25 6. 
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Description of the LXSN-RJ-EL2 
from position I to 6365 



Bases 

1-589 
659-1458 

M69-2I5! 

1469-1718 
1647-1718 
1719-2151 

2158- 2159 

2159- 2503 
2521-2522 
2557-3351 
3370-3371 

3411-4004 

4073- 4074 

4074- 6365 



Description 

Moloney murine sarcoma virus 5' LTR 

The sequence of the extended packaging 
signal 

IL-2 cDNA with chimeric leader sequence 

IL-2 chimeric leader sequence 

coding region of the signal peptide 

Mature IL-2 coding sequence 

Mo tnu sarcoma virus end/SV 40 start 

Simian virus 40 early promoter 

Simian virus DNA cnd7Tn5 DNA start 

Neomycin phosphotransferase 

TnS DNA end/Moloney murine leukemia 
virus start 

Moloney murine leukemia virus 3' LTR 

Moloney murine leukemia DNA end/pBR322 
DNA start 

Plasmid backbone 
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Table 3 

Enzyme [# Cuts] Position (s) 



Aatl 
Aat2 
Accl 
Acc2 

Acyl 
Afll 

Afl2 
Afl3 
Ahal 

Aha2 
Aha3 
Alul 



AlwNl 

Aocl 

Aoc2 

Aosl 
ApaLl 



t 
[ 
[ 
I 

2751, 
4186, 



2] 

2] 

1] 

19] 
3052, 
4527, 



1961, 

811, 

4252 

392, 
3084, 
5108, 



2481 
6295 



394, 
3807, 
5438, 



445, 
3809, 
5931, 



969, 971, 1193, 
4081, 4083, 
6263 



[ 
[ 

3201, 
[ 
[ 
[ 

789, 
4017, 

[ 
[ 
[ 

734, 
2500, 
3826, 
4784, 

t 

2529, 
5127, 

[ 

[ 

r 

2631, 
3841, 

I 

[ 



2685, 3860, 5910, 6292 



13] 
3676, 

4] 

2] 

20] 
2689, 
4059, 



5] 

3] 

33] 
742, 
2791, 
4069, 
5041, 

20] 
2553, 
5129, 

4] 

2] 

19] 
2724, 
4012, 

2] 

4] 



260, 
3689, 

34, 

1592, 

161, 
2849, 
4126, 

808, 

5239, 

29, 
1470, 
3249, 
4122, 
5562, 

1110, 
2864, 
5225, 



231, 

847, 

323, 
2798, 
4300, 

2787, 

1717, 



273, 
3744, 

1064, 

4480 

237, 
3578, 
4161, 

2685, 

5258, 

33, 
1486, 
3441, 
4141, 
5662, 

1414, 
2929, 
5226, 

3572, 

1076 

413, 
2988, 
4798, 

5595 

4296, 



328, 
4041, 



626, 
5511, 



756, 
5733 



473, 
3653, 
4860, 



3860, 

5950 

119, 
1751, 
3445 
4422 
5725 

1665, 
3110 
5689 



474, 602, 
3888, 3889, 
5556, 5907 

5910, 6292 



190, 411, 654, 
1935, 2003, 2446, 
3532, 3607, 
4648, 4738, 



2018, 2147, 2160, 
4027, 5041, 
6006, 6010 



3647, 4896 



426, 
3050, 
5959, 



597, 1583, 1721, 
3739, 3828, 
6044 



4794, 6040 
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Apyl 

Aqul 

Asel 

Asp700 

Aap718 

AspAl 

Asul 



Aval 
Ava2 



[ 

1275, 
2196, 
4629, 

[ 

[ 

t 



[ 
[ 

626, 
1532, 
3676, 
5733, 



22] 315, 623, 801, 
1295, 1325, 1526, 1536, 
2251, 2268, 3072, 3731, 



814, 1227, 1252, 
1558, 1630, 
4038, 4508, 









6] 


241, 


472 


2] 


1801, 


5545 


1] 


5972 




2] 


476, 


3891 


1] 


1145 




29] 


169, 


200 



[ 



[ 

3201, 



756, 
1649, 
3689, 
6349 

6] 



826, 
3201, 
3744, 



839, 
3541, 
4041, 



245, 
1043, 
3586, 
5415, 



260, 273, 

1254, 1277, 

3616, 3661, 

5494, 5511, 



472, 1998, 3821, 



13] 260, 273, 328, 
3676, 3689, 3744, 4041, 



626, 
5511, 



756, 
5733 



3887 
1277, 



Ava3 


t 


2] 


2232, 


2304 




Avr2 


[ 


2] 


1962, 


2482 




Ball 


[ 


3] 


658, 


1169, 


2767 


BamHl 


[ 


1] 


2152 






Banl 


t 

3859, 


9] 

3891, 


318, 
, 5321 


476, 


1200, 


Ban2 


E 

3841, 


8] 

4012 


413, 


426, 


597, 


Bbel 


[ 


2] 


2688, 


3863 




Bbvl 


t 

2800, 
4372, 
5600, 


22] 
2816, 
4390, 
5802 


969, 
, 2909, 
, 4809, 


997, 
, 3321, 
r 4899, 


1738, 
. 40( 
49( 


Bell 


[ 


1] 


2526 






Bgll 


[ 


2] 


2435, 


5493 





2684, 2719, 3734, 
1583, 3050, 3828, 



2493, 2632, 2758, 
, 4131, 4228, 
, 5108, 5411, 



Bspl286I [ 

2631, 
3841, 



19] 323, 413, 426, 
2724, 2798, 2988, 3050, 
4012, 4300, 4798, 5959, 
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BspHl 
BspMl 
BsaH2 
BstE2 
BstNl 



1275, 
2196, 
4629, 



3] 
4] 
4] 
1] 



5200, 
1501, 
392, 
1145 



28 
6208, 
2500, 

443, 



6313 
2572, 
3082, 



2953 
3807 



22] 315, 623, 801, 814, 1227, 1252, 

1295, 1325, 1526, 1536, 1558, 1630, 

2251, 2268, 3072, 3731, 4038, 4508, 
4642 



[ 19] 392, 
2751, 3052, 3084, 
4186, 4527, 5108, 



BstXl 
BstYl 

Bsu36l 

Ccrl 

Cfol 



CfrlOl 
Cfrl3I 



Cvnl 
Ddel 



394, 
3807, 
5438, 



445, 969, 971, 1193, 
3809, 4081, 4083, 
5931, 6263 



11] 2010, 2152, 2521, 2856, 3102, 
5218, 5230, 5998, 6015 



I 



1] 



847, 1076 
1998 



[ 31] 394, 396, 445, 447, 714, 971, 

2679, 2687, 2751, 2788, 3054, 3084, 3086, 

3314, 3809, 3811, 3862, 40B3, 4186, 4216, 

4357, 4390, 4660, 4727, 4827, 5001, 5110, 

5503, 5596, 5933, 6265 



I 9] 656, 
3156, 3183, 5761 



790, 1167, 1188, 2591, 2765, 



[ 



3) 



3004, 



3185, 5453 



[ 29] 169, 200, 245, 260, 273, 

626, 756, 826, 839, 1043, 1254, 1277, 

1532, 1649, 3201, 3541, 3586, 3616, 3661, 

3676, 3689, 3744, 4041, 5415, 5494, 5511, 

5733, 6349 



328, 



[ 



2] 



847, 1076 



E 23] 75, 165, 191, 282, 553, 847, 

1076, 1348, 1692, 2442, 3348, 3487, 3582, 

3657, 3698, 3879, 3967, 4290, 4755, 5164, 

5330, 5870, 6296 

D P nl t 30] 95, 1104, 1236, 1421, 1659, 2012, 

2154, 2523, 2528, 2547, 2858, 2936, 3017, 

3026, 3104, 3507, 4021, 5048, 5123, 5134, 

5142, 5220, 5232, 5337, 5678, 5696, 5742, 

6000, 6017, 6053 



SUBSTITUTE SHEET 



WO 93/07906 



PCT/LS92/08999 



Dral 
Dra2 
Eael 

Eagl 
Eco47I 

Eco52l 
Eco81I 
EcoNl 
EcoO109l 
EcoRl 
EcoRl* 



3156, 
[ 



[ 

3201, 



2064, 
5801 



3] 
4] 



5239, 
328, 



9] 

3183, 



656, 
5761 



29 
5258, 
1277, 

790, 



5950 
3744, 
1167, 



6349 
1188, 



2591, 2765, 



790, 2591 



13] 
3676, 

2] 

2] 

2] 

4] 

1] 

14] 
2121, 



260, 273, 328, 626, 756, 1277, 
3689, 3744, 4041, 5511, 5733 



790, 2591 

847, 1076 

850, 1450 

328, 1277, 
1460 



3744, 6349 



938, 1037, 1460, 1798, 1805, 1928, 
2236, 2308, 2400, 5240, 5546, 



EcoR5 
EcoT22l 
Fdi2 
Fnu4Hl 



[ 

1273, 
2194, 
4627, 

C 

[ 



22] 313, 621, 

1293, 1323, 1524, 

2249, 2266, 3070, 
4640 



799, 812, 1225, 1250, 
1534, 1556, 1628, 
3729, 4036, 4506, 



Pspl 
Hae2 



4] 137, 213, 3554, 3629 
2] 2232, 2304 
2] 2787, 5595 



[ 

2430, 
2789, 
3296, 
4404, 
5097, 

t 

2751, 
4186, 

[ 

3009, 
[ 
t 



41] 793, 967, 
2507, 2594, 2646 
2830, 2917 
3310 
4407 

5425, 5614, 5764', 



4074, 4120 
4525, 4680 



983, 986, 1191, '1792, 

2657, 2747, 2752, 

2920, 2923, 3159, 3255, 

4217, 4270, 4386, 

4823, 4888, 4891, 

5791, 5886, 6115 



19] 392, 394, 445, 969, 971, 1193, 

3052, 3084, 3807, 3809, 4081, 4083, 

4527, 5108, 5438, 5931, 6263 

13] 498, 1198, 1358, 1679, 2333, 2552, 

3034, 3912, 4168, 5339, 5520, 5807 



2] 
4] 



2787, 
2688, 



5595 

3863, 4358, 4728 
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Hae3 [ 35] 171, 202, 247, 658, 792, 828, 

840, 1045, 1169, 1190, 1255, 1534, 1650, 

1866, 1961, 2423, 2429, 2438, 2481, 2593, 

2767, 3158, 3185, 3543, 3588, 3618, 3663, 

4495, 4506, 4524, 4958, 5416, 5496, 5763, 
6350 

Hap2 [ 30] 161, 237, 473, 601, 643, 789, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 

3186, 3578, 3653, 3888, 4016, 4058, 4126, 

4160, 4687, 4834, 4860, 5050, 5454, 5488, 
5555, 5665, 5907 

Hgal [ 8] 455, 707, 960, 1580, 4175, 4591, 

5169, 5899 

HgiAl [ 9] 413, 1721, 2798, 2988, 3828, 4300, 
4798, 5959, 6044 

Hhal [ 31] 394, 396, 445, 447, 714, 971, 

2679, 2687, 2751, 2788, 3054, 3084, 3086, 

3314, 3809, 3811, 3862, 4083, 4186, 4216, 

4357, 4390, 4660, 4727, 4827, 5001, 5110, 
5503, 5596, 5933, 6265 

HinPl [ 31] 392, 394, 443, 445, 712, 969, 

2677, 2685, 2749, 2786, 3052, 3082, 3084, 

3312, 3807, 3809, 3860, 4081, 4184, 4214, 

4355, 4388, 4658, 4725, 4825, 4999, 5108, 

5501, 5594, 5931, 6263 

Hinc2 [ 1] 5914 

Hind2 [ 1] 5914 

Hind3 [ 1] 2498 

Hinfl [ 14] 298, 517, 857, 868, 1553, 1814, 

3170, 3304, 3356, 3881, 4380, 4455, 4851, 
5368 

Hpa2 [ 30] 161, 237, 473, 601, 643, 189, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 

3186, 3578, 3653, 3888, 4016, 4058, 4126, 

4160, 4687, 4834, 4860, 5050, 5454, 5488, 

5555, 5665, 5907 

Hphl [ 11] 1214, 1240, 1817, 2863, 4102, 4111, 

5216, 5443, 5859, 6065, 6100 

Kpnl [ 2] 480, 3895 

Mael [ 15] 30, 293, 689, 727, 739, 1452, 

1606, 1893, 1963, 2483, 3442, 3709, 4975, 

5228, 5563 
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Mae2 [ 11] 808, 1139, 1180, 1987, 2801, 2988, 
4233, 5183, 5599, 5972, 6292 

Mae3 [ 20] 38, 1052, 1080, 1145, 1289, 1478, 

1706, 2805, 3111, 3450, 4134, 4229, 4836, 

4899, 5015, 5298, 5629, 5687, 5840, 6028 

Mbol [ 30] 93, 1102, 1234, 1419, 1657, 2010, 

2152, 2521, 2526, 2545, 2856, 2934, 3015, 

3024, 3102, 3505, 4019, 5046, 5121, 5132, 

5140, 5218, 5230, 5335, 5676, 5694, 5740, 
5998, 6015, 6051 

Mbo2 [ 17] 444, 1145, 1356, 1575, 1617, 1908, 

1911, 3046, 3256, 3336, 4351, 5142, 5213, 
5968, 6046, 6155, 6351 

Mnll [ 54] 291, 444, 508, 534, 560, 639, 

841, 939, 1227, 1330, 1363, 1369, 1372, 

1378, 1408, 1411, 1426, 1433, 1449, 1559, 

1620, 1909, 1921, 2412, 2418, 2443, 2449, 

2455, 2458, 2470, 2508, 2535, 2599, 2735, 

3092, 3286, 3707, 3859, 3878, 3923, 3948, 

3974, 4054, 4087, 4117, 4379, 4587, 4662, 

4911, 5311, 5392, 5540, 5746, 6339 

Msel [ 22] 35, 1065, 1177, 1207, 1231, 1801, 

1843, 1956, 1971, 2124, 2139, 3447, 4261, 

5186, 5238, 5243, 5257, 5310, 5545, 5584, 
5949, 6321 

Mspl [ 30] 161, 237, 473, 601, 643, 789, 

2590, 2667, 2689, 2717, 2848, 2938, 3005, 

3186, 3578, 3653, 3888, 4016, 4058, 4126, 

4160, 4687, 4834, 4860, 5050, 5454, 5488, 
5555, 5665, 5907 

Mstl [ 2] 2787, 5595 

Mst2 [ 2] 847, 1076 

Mval [ 22] 315, 623, 801, 814, 1227, 1252, 

1275, 1295, 1325, 1526, 1536, 1558, 1630, 

2196, 2251, 2268, 3072, 3731, 4038, 4508, 
4629, 4642 

Nael [ l] 3187 

Narl [ 2] 2685, 3860 

Nci l [ 20] 161, 237, 473, 474, 602, 644, 

789, 2689, 2849, 3578, 3653, 3888, 3889, 

4017, 4059, 4126, 4161, 4860, 5556, 5907 

Ncol [ 2] 2389, 3117 
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Ndel 


[ 


1] 


4303 












Nde2 


[ 

2152, 
3024, 
5140, 


30] 
2521, 
3102, 
5218, 


93, 
r 2526, 
r 3505, 

' 6 23 °' 


1102, 
r 2545, 
, 4019, 
, 5335, 


1234, 
, 2856 
, 5046 
, 5676 


1419, 
, 2934, 
, 5121, 
, 5694, 


1657, 
, 3015, 
, 5132 
, 5740 


2010, 


Nhel 


t 


3] 


29, 


1605, 


3441 








Nla3 


( 

2030, 
3121 , 
5695, 


26] 

2230, 
3147 , 
5705, 


61, 

r 2302, 
t 3473, 
r 5783, 


1263, 

r 2393, 
r 4119, 
r 5819, 


1596, 
, 2559 
r 4224 
r 6212 


1649, 
, 2904, 
, 4484, 
, 6317 


1835, 
' 3 20° 


1856, 


Nla4 


I 

758, 
2272, 
4042, 
6259 


28] 
827, 

4512] 


153, 
959, 
r 2721, 
. 4551, 


246, 
1202, 
, 3678, 
, 5323, 


262, 
1279, 

f 3736, 
, 5417, 


320, 
2154, 
, 3861, 
r 5458, 


478, 
2200, 

', 5669] 


627, 


Nsil 


[ 


2] 


2232 , 


2304 










Nap(7524)l[ 

4119, 


4484 


1596, 


1835, 


1856, 


2230, 


2302, 


3090, 


Nsp(7524)2[ 

2631, 
3841, 


19] 
2724 , 
4012, 


323, 
2798, 
4300, 


413, 
2988, 
, 4798, 


426, 

, 3050, 
, 5959, 


597, 
t 3739, 
, 6044 


1583, 
, 3828, 


1721, 


NspB2 


t 

3607, 


12] 
3989, 


119, 
4192, 


190, 
, 4822, 


1751, 
5067, 


2158, 
, 6008 


2791, 


3532, 


NspHl 


[ 

4119, 


8] 

4484 


1596, 


1835, 


1856, 


2230, 


2302, 


3090, 


PaeR7I 


t 
















Pall 


t 

840, 

1866, 

2767, 

4495, 

6350 


35] 

1045 , 
1961, 
3158, 
4506, 


171, 
1169, 
2423, 
3185, 
4524, 


202, 
1190, 
2429, 
3543, 
4958, 


247, 
1255, 
2438, 
3588, 
. 5416, 


658, 
1534 , 
- 2481, 
r 3618, 
r 5496, 


792, 
1650, 
2593, 
3663, 
, 5763, 


828, 


Plel 


[ 

5362 


7] 


865 , 


1547 , 


3350, 


3889, 


4374, 


4859, 


PpuHl 


[ 


3] 


328, 


1277, 


3744 








Pssl 


[ 


4] 


331, 


1280, 


3747, 


6352 






Pstl 


t 


6] 


987, 


1163, 


1888, 


2511, 


2738, 


5616 


Pvul 


[ 


1] 


5743 
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Pvu2 
Rsal 

Rsr2 
Sacl 
Saul 
Sau3Al 



[ 

2991, 



Seal 
ScrPl 



Sfil 
Smal 
Spel 
Sphl 



10] 347, 478, 
3893, 4288, 5853 



1] 3201 

2] 413, 3828 



1751, 
725, 



2791, 
1342, 



3532, 
1519, 



3607 
1597, 



[ 
[ 

2152, 
3024, 
5140, 
5998, 

t 

626, 
1532, 
3676, 
5733, 

I 

[ 

623, 

1295, 

2251, 

3731, 

4161, 

[ 

2631, 
3841, 

[ 

621, 

1294, 

2194, 

3117, 

4036, 

[ 

2311, 
3674, 
5629, 

[ 

t 

[ 

t 



2] 



847, 



1076 



30] 93, 1102, 1234, 1419, 1657, 2010, 

2521, 2526, 2545, 2856, 2934, 3015, 

3102, 3505, 4019, 5046, 5121, 5132, 

5218, 5230, 5335, 5676, 5694, 5740, 

6015, 6051 



29] 169, 
756, 826, 
1649, 3201, 
3689, 3744, 
6349 



1] 

42] 
644, 
1325, 
2268, 
3888, 
4508, 

19] 
2724, 
4012, 

38] 
622, 
1303, 
2266, 
3576, 
4037, 



5853 

161, 
789, 
1526, 
2689, 
3889, 
4629, 

323, 
2798, 
4300, 

159, 
760, 
1323, 
2389, 
3651, 
4640 



200, 245, 260, 273, 328, 

839, 1043, 1254, 1277, 

3541, 3586, 3616, 3661, 

4041, 5415, 5494, 5511, 



237, 315, 473, 474, 602, 

801, 814, 1227, 1252, 1275, 

1536, 1558, 1630, 2196, 

2849, 3072, 3578, 3653, 

4017, 4038, 4059, 4126, 

4642, 4860, 5556, 5907 

413, 426, 597, 1583, 1721, 

2988, 3050, 3739, 3828, 
4798, 5959, 6044 

235, 314, 324, 472, 536, 

799, 800, 812, 813, 1225, 

1324, 1525, 1557, 1962, 

2424, 2433, 2482, 2848, 

3730, 3740, 3887, 3950, 



23] 258, 520, 997, 1657, 2107, 2239, 

2643, 2898, 2984, 3048, 3114, 3323, 

3934, 4146, 4281, 4317, 4357, 4577, 

5820, 6069 

1] 2435 

2] 474, 3889 

1] 726 

4] 1835, 2230, 2302, 3090 
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Sspl [ 1} 6177 

Sstl [ 2] 413, 3828 

Stul [ 2] 1961, 2481 

Styl [ 9] 324, 536, 1303, 1962, 2389, 2482, 

3117, 3740, 3950 

Taql [ 15] 860, 1096, 1407, 1418, 1660, 1999, 

2514, 2798, 2954, 2978, 3014, 3176, 3367, 

4580, 6024 

Thai [ 19] 392, 394, 445, 969, 971, 1193, 

2751, 3052, 3084, 3807, 3809, 4081, 4083, 

4186, 4527, 5108, 5438, 5931, 6263 

Tthllll [ 6] 465, 877, 1275, 2803, 3880, 4227 

Xbal [ 2] 1892, 3708 

Xhol [ 1] 1998 

Xho2 [ 11] 2010, 2152, 2521, 2856, 3102, 5121, 

5132, 5218, 5230, 5998, 6015 

Xmal [ 2] 472, 3887 

Xma3 [ 2] 790, 2591 

Xmnl [ l] 5972 

Xor2 [ 1] 5743 
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Table 4 



Enzymes which do not cut LXSNRII.L2: 

Acc3 Bgl2 Clal Hpal Nrul 

SnaBl 

Apal Bsml Dra3 Mlul PflMl 

Spll 

Asu2 BspM2 Eco47III Mrol Sac2 

Sst2 

Ban3 BstBl Espl Notl Sail 
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WO 93/07906 Table 6 

fro* 1 to 434S. *w«b«r*4 froa position 1. 

>Nh«l >A«3 

■*JM_DHA_«no7K0-KuSY_»HA_ ( t*rtJIpUt| | 

| 10 30 30 I 40 SO 40 70 

TTT CAAA CAC CCCACCCCTA ©CTCCCAACC TACCTTAXCT AACCCCACTT TCCAAGCCAf CCAAAAATAC 
AAACTTTCTC OGCTGCCCAT CCACCCTTCC ATCCAATTCA TTCCGCTCAA AOCTTCCCTA CCTTTTTATG 

>Mapl3 >ZcoKS 

•0 90 100 UO 130 130 J 140 

ATAACTCACA ATACCAAACT TCACAICAAC CTCACCAACA AAGAAACACC TCAATAOCAA ACACCATATC 
TATTCACTCT TATOCTRCA ACTCTACTTC CACTOCTT C T ITCIITCTCC ACTTATOCTT TCTCCTATAO 

>>ymJ 
>»«p«3 

»S0 140 170 110 1«0 300 tlO 

TCTCCTAACC CCTTCCTCOC CCCCCTCACC OCCAACAACA CATCACACAC CTCACTCATC 06CCAAACAO 
ACACCATTOC CCAACCA006 CGCCCACTCC COCTTCTTCT CTACTCTCTC CACTCACTAC CCCCTTTCTC 

>Av«l 

>*e©M >A1««1 >A«il 

I ■ 220 330 | 340 | ISO 340 370 210 

CATATCTCTO CTAACCACTT CCTCCCCCCC CTOOCCCCCA ACAACACAT6 CTOCCCACAT COO«TCCACC 
CTATACACAC CATTOCTCAA CCACGCGCCC CACCCCCOCT TCTTCTCTAC CACCCCTCTA COCCJUSCTOC 

>0rO 
>Sco010*I 
>*tyl j >M«1 >*»«! 
( 220 | 340 |>S0 

V * V • V • • vv :: :f • 
OCCOCAAOCA 0CTCAAAAT9 ACCCTOTACC 
OCCCCTTCCT OCACTTTTAC TCOCACATOO 



>ltal 

210 300 310 320 

*• • • • V • 

OCTCACCACt TTCZACTCAA TCATCACATO TTTCCAOOCT 
CCACTOCTCA AACATCACXT ACTACTCTAC AAAOCTCOCA 
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Table 6 (Cont'd) 



>B*n2 



»««H3 

3*0 | 400 



>S«el 
>S«tl 
>HgiAl 
410 | 420 



TTATTTGAAC TAACCAATCA CTTOCCTTCT OOCTTCT C TT 0CCCOCCTTC CCCTCTCCCA CCTCAATAAA 
AATAAACTTC attocttact caagcgaacx cccaacacaa cccccccaac CCCACACCCT CCAGTTATft 



>t«n2 
I 4J0 



>A«p?lt 
>Banl 

>Av*l 
>M«> 

>H«ftl >TtMllI >U»1 



|>*pnl 



440 , I 4S0 | 4*0 | 470 | | 410 4»0 
•v • • • » «•« » • * * 

ACACCCCACA ACCCCTCACT COCCOCCCCA OTCTTCCCAT ACACTCCCTC CCCCOCCTAC COCTATTCOC 
TCTOCCCrCT TCCCCACtCA 6O060CCGCT CACAACCCTA TCTCACCCAC CCCCCCCATC CCCATAACOC 



>Styl 
| $40 



TTATTTCOCA 



CCATOOCAAT CCTOCTCTOO WIW 1 1 0 CCACCCTCTC CTVTCACTOA 
CCTACCCI7A CCACCACACC CACAACCAAC CCTCCCACAC CACACTCACT 



>Ua* 

i«o 



rrcACTAOoc aocaocccco tcmcATR ooooc c ro o t cocccattto gacaooocto < 

AACTCATGCC TGCTOCCCCC ACAAACTAAA OOCOOCAOCA CGCCCTAAAC CTCTCCCCAC C 
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Table 6 (Cont'd) 

Xtrl 

* I 
>t«al 

* I 



ft 



440 (SO I 440 470 t»o «*e ?oo 

ACCCACCCAC CACCCOCAGC TAAGCTOGCC ACCAACTTAT CTCTCTCTCT COCATTCTCT ACTCTCtATC 
TCCCTCCCT6 CTCCCCCTOC ATTCCACOCC TOCTTCAATA CACACACACA CCCTAACACA TCACACATAC 



>Sptl 

>H9«1 >M»1 

1 HO 720 1 1 7)0 740 ?»0 ISO 190 

TTTCATCTTA TCCCCC1C06 TCTCTACTAC TTACCTAACT ACCTCTCTAT CTCCCCCACC OCTCCTCCAA 
AAACTACAAT ACCCCCAOCC ACACATCATC AATCCATTCA TOCACACATA CAC CC CCT O O CCAOCACCTT 



>IH) 



>AhU 
>Acyl 



7to 7to too tto tao 130 

• • • • • • • v • v • • 

CTOACCACTT CTCAACAOCC 0COC0CAACC CTCCCACAOO TOCCACCCAC TTTCCOCCOC 
OACTOCTCAA CACTTCTCOQ 000CC6TTCO OAOOCTCTOC ACGOTCOCTO AAACCCOOOO 



>tco« 
>lsu»«X 

>*©Cl 

>Xco«l 
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Table 6 (Cont'd) 



| *?o 



>mmi 

|«80 



CCCGACCTCA CCAACCCACT CCATCTCCXA TCCCACCCOC TCACCATATO TCCTTCTCCT ACCACAOCAC 
GCCCTGCACT CCTTCCCTCA CCTACACCTT ACCCTCCCCC ACTCCTATAC ACCAACACCA TCCTCTCCTC 



>H9«t 

920 9 JO 940 9S0 9(0 »*0 900 

AACCTAAAAC ACITCCCOCC TOOCTCTCAA 1 Tmvci It CGCTTTCCAA COCAAGCCOC COCTCTTCTC 
TTGCATTTTO TCAAGCGCCC ACGCACACTT AAAAAOCAAA COCAAACCTT CCCTTCCCCC OCCACAACAC 



>f»tl 

1 990 1000 1010 1020 1020 1040 10S0 

TCCTCCACCA TOCTTCTCTC TT C TCTClT i t CTCACTCTCT TT C TCTATTT CTCTCAAAAT TACCCCCACA 
ACCACCTCCt ACCAACACAC AACACACACA CACTCACACA AACACATAAA CACACTTTTA ATCCCCCTCT 



>Aecl 
>Sa«l 

>CVBl 

>K»ta 

>liuJU 

>M12 >Ieo«lI 

10«0 I 1020 JlOlO 1090 1100 2210 1120 

• •» • •• •• * • 

CTOTTAOCAC TCOCTTAAOT tTCAOCTTAO 9TCACTCCAA ACATCTOCAQ OCCATOCCTC ACAACCACTC 
CACAATCOTO ACCCAATTCA AACTCCAATC CACTCACCTT TCTACACCTC CCCIACOCAO TCTTCCKM 



>AtpAl 



Xfrl 
>t*al 
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>ltat1 >HtU >ftl |>i«il >**•* >Cfrl 

1130 H40 | n*o 1140 | 1170 1100 1190 

• • • • • * * * » • 

CCTACATGTC AACAAGACAC CTTCCCTTAC C tT ClV CI C t CCACAATCCC CAACCTTTAA CCTCCCATCC 
CCATCTACAC TTCTTCTCTC CAACCCAATC CAACAOCACA OCTCTTACCO CTTCCAAATT CCACCCTAOC 



>B*ftl >Hphl >Hphl 

1200 1310 | 1320 1110 1240 12S0 12(0 

COCOCACAOC CCACCTTTAA COCACACCTC ATCACOCACC TTAACATCAA OOTCTTTTCA CCTCCOCCCC 
CCOCCTCTCC CGTGCAAATT OCCTCTCCAO TAGTCCCTCC AATTCTACTT CCACAAAACT CCAOCSOCCOC 



>rpuNl 

>TtMlll| >*tyl 

t * ' : 

1210 | 1110 1290 1300 | 1310 



ATCCACACCC ACACCACCTC CCCTACATOO fCACCTGCCA AOCCTTCCCT TTTCACCCCC CT CC CT C OCT 
TACCTCTCCC TCTCCTCCAC OCCATCTACC ACTCCACCCT TOCCAACGCA AAACTCCCCC CACC C X C C C A 



>ftatl 

1340 | 13S0 1340 1310 1300 1390 1400 

• • V * * • • • • • • • • • . • 

CAACCCCTTT CTACACOCTA AGCCTCCCCC TCCTCTTOCT CCATCCCOCC OCTCTCTCCC CCTTCAACCT 
CTTCCGCAAA CATCTCCCAT TOCCACCOCC AGCACAAGGA CCTACCOCCC CCACACACCC CCAACTtCCA 



>Ico«l >KeeU 

1410 1430 1430 1440 14S0 14430 14t0 

OCTOQXXCCA OCOOOCCTOO ATCCTCCCTt TATOCACOCC TCACTOCTTC TCTAOOOOOO AATT06TXM 
CCACCAACCT C C CCCCCACC TAGCACCCAA XTACCTOGOO ACTCACCAAO ACATCOOCOC TTAAGCAATC 
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Table 6 (Cont'd) 

>■•{*! >*•*» 

1490 14f0 IS 00 | 1S10 1S20 ItJO U40 

• • • • » • • • *• • • • « 

CTTCCTAACT CACCACCTAC AGTCCCAAAC CATCACCAAO CAGCTATCTA CTCTCCAOCQ TCCCCCTCCC 
CAACCATTCA CTGCTCCATC TCACCCTTTC CTACTOCTTC CTCCATACAT CACACCTCCC ACCCCCACOQ 

>*••! 

>B»iU >fftp(7S34)l 

»U1 >■«*! | >Afl) || >Mt«l 

1SS0 IS 40 1S70 1580 | 1S90 | J 1400 | If 10 

TTCCCCACTC AACACTCCAC GCATTTCAOO CAOCCTCTCC CCTCTTCTCT TACATCT AOC TTTTGCTACC 
AACCCCTCAC TTCTCAGCTC CCTAAACTCC CTCOCACACC CCACAACACA ATCTACATOC AAAAOSATOO 



1430 14)0 1440 1410 1440 1470 14*0 

CTCAACCCTC ACTATCTTOC ACCTCATTCT TCCAACATOC CCCTCTCCAT CCACACCATC CAACTCCTCt 
CACTTCCCAC TCATACAAOG TCCACTAACA AGCTTCTACC CCCACACCTA CCTCTCCTAC CTTCACCACA 



>N«IA1 
>Ap.tl | 

1470 1700 1710 1720 | 17)0 1740 ITfO 

CTTCCATTCC ACTAACTCTT CCACTTCTCA CAAACACTCC AOCTACTTCA ACTTCTACAA ACAAAACACA 
CAACCTAAOC TSATTCACAA CCTCAACACT OmOTCACO TCCATCAACT TCAACATCTT llililVKlH 



>fVul 

x >PU>«3 >Ai«l >Bphl 

• » m . 

I 1740 1770 1700 1770 1100 | 1010 1030 

v*« • • • • » • • • v • 

0CTOCAAC7X CACCATTIAC TOCTCCATTT ACACATCAT? TTCAATOCAA TTAA1AATTA CAACAATCOC 
OCAOCTTCAC CTCCTAAATO ACCACCTAAA TOTCTACTAA AACTTAOCTT AATTATTAAf CTTCTTAOOO 



Xpfcl 

>ff«p<7S34)l >««p«l 

• * 

>l«pM >R*»(?S24)1 >»•« 

1470 | 1140 1IS0 1 1140 1170 1IM lifO 

• • • • *v • • • • v • 

AAACTCAOCC CCATCCICAC ATTTAACTTT TACATOCCCA ACAAOCCCAC ACAACTCAAA CATCtCCMT 
TTTCACTOCO CCTAOCACTO TAAATTCAAA ATCTAOOOCT 1U1 CCO 0 T 0 TCITOACTTT CTACAOCTCA 
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»Af» 
| 19(0 



>Xt«1 




>Aq«l 








>Cerl 










>Xho3 






>Xfcol 


>B«tTl 






3000 


3010 




• • 



CTCTAGAACA ACAACTCAAA CCTCTGCACC AACTCCTAAA TTTAGCTCAA ACCAAAAACT TTCACTTAAC 
CACATCTTCT TCTT C ACTTT 6CACA0CTCC TTCAOCATTT AAATOCACTT TCCTTTTTCA AAGTCAATTC 



>Avr3 

Xtyl 

>st«l 
•I 

II 1990 1900 1990 

W • • • • 

GCCTACCCAC TTAATCACCA ATATCAAOCT AATACTTCTC CACCTAAACCS CATCTCAAAC AACATTCATC 
OCCATCCCTC AATTACTOCT TATACTTCCA TTATCAACAC CTCCATTTCC CTACACTTTC TTCTAACTAC 



>StUl 

3040 30S0 30«0 3070 3000 30*0 1100 

TCTCAATATC CTCATCACAC ACCCACCATT CTCCAATTTC TCAACACATC CATTACCTTT tCTCAAACCA 
ACACTTATAC CACTACTCTC TOCCTCCTAA CACCTTAAAC ACTKTCTAC CTAATCCAAA ACACTTTOCT 



>auuti 

>••«! 

>Xho3 >Mp03 

>«Ula«jrin«_40_«»xlyjpr««©t«r 

>K»-XuSV OKA «nd/«Utu »lni« 40 ' Wtt , «t»rt 
" ~ I -| 

3110 3130 3U0 3140 31S0 | 3100 1110 

• • # • • « * « TT* • • 

TCATCTCAAe ACTAACTTCA TAATTAACTC CTTOOCACTT AAAACATATC ACCATOOCCt CTGCAAT6TC 
ACTACACTTC TCATTCAACT ATTAAXTGAC CAACGCTCAA TTTTCTATAO TCCTAOCOCA CAOCTTACAC 

>tc«riaf 

>At*J 



PCT/US92/88W9 
Table 6 (Cont'd) >N«p(9S24)l 
>K«pM 
>*phl 

2310 2230 3330 



TCTCACTTAC CCTCTCCAAA CTCCCCACCC TCCCCACCAC CCACAACTAT CCAAACCATG CATCTCAATT 
ACACTCAATC CCACACCTTT CACCCCTCCC AGCCCTCCTC CCTCTTCATA OCTTTCCTAC CTACACTTAA 



>teoT33I 



>Mtp|9S34M 

* I 

>n«pai 

* I 

>SpM 
3)00 | | 2110 



ACrCACCAAC CAGCTCT9CA AACTCCCCAC CCTCCCCAOC AGCCACAACT ATCCAAACCA TGCATCTCAA 
TCACTOCTTC CTCCACACCT TTCACCCCTC OCACCOCTOC TCCCTCTTCA TACCTTTCCT AOCTACAGTT 



TTACTCACCA ACCATACTCC CCCCCCTAAC TCO0OCCATC COCCCCCTAA CTCCCCCCAC TtCOCCCCAf 
AATCACTOCT TCCTATCAGG CCCCCCATTC ACCOCCCTAC CCCGCGCATT CACCCOCCTC AACCCCCCtA 



>RC«1 >$t 11 

>«tyl >BfU 

^ 2)00 2400 2410 3420 34)0 | 2440 24*0 

TCTOCCCCCC ATCCCTCAC? AATTRTTT? AtTTATCCAO ACCCCGACGC OCCCTOCCCC TCTCAGCTA* 
ACACCCCOCC TACCCACTCA T7AAAAAAAA TAAATAOCTC TCOCCCTCO0 COOCAOCCCC ACACTOCATA 



>ftyl 



>Ct«l 

•I 
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Table 6 (Cont'd) 

>JUU >Klnd) >Tm%l 

"I 'I ; 

3460 3410 3410 || 2490 2S00 3S10 | 3S30 

• • •• t • r* • • • v • •• » • • 

TCCACAACTA CTCACCACCC TTTTTTCCAO CCCTAGCCTT TTCCAAAAAC CTTCCCCTOC ACCTCCACCC 
ACCTCTTCAT CACTCCTCOC AAAAAACCTC CCCATCCCAA AACCTTTTTC CAACCCCACC TCCACCTCOC 



>lhe3 
>l«tTl 

Im L 41»_T trv i_DKA_« nd /TnS_DKA_«t art 



DHA_« nd /Tn$_DKA_«t »rt | 

|jSJ0 3S40 3SS0 2560 2S70 | 2SM 

v * T t t • • • • • • • v • * • 

CCATCTCATC AACACACACC ATCACCATOC TTTOGC A TO ATT CAA CAA CAT CCA TT0 CAC CCA CCT TCT 

CCTACACTAC TT C TCTCTCC TACTCCTACC AAACOS TAC TAA CTT CTT CTA CCT AAC CTC OCT OCA ACA 

Mat II* Clu Gin A«p Cly t«v lie Ma Cly s«r> 



>t«al 
»t»ai 

x<u 
>tu) 

M*0| 2(00 3(18 3430 2630 2440 34S0 

COO CCC CCT TCC CTO CAC AGO CTA TTC OCC TAT CAC TCC CCA CAA CAO ACA ATC CCC TCC TCT 
CCC CCC CCA ACC CAC CTC TCC CAT AAO CCO ATA CTO ACC COT CTT «TC TOT tM COO ACQ *U 
*r© Ala Alt Try v«l Ola Arf hum «* Oly Tyr Asp Trp Ala Ola Ola Thr Ila Olf Cya t«r> 



>Raa2 
>ibal 

>R4rl 

>ac/1 



>Aha2 
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S6 



Table 6 (Cont'd) 



CAT CCC CCC CTO TTC CCC CTC TCA GOO CAO CCC CCC COO CTT CTT TTT CTC Mi MC CM CTC 
CTA CCC CCC CAC AM CCC CAC ACT CCC CTC CCC CCC CCC CAA CAA AAA CAC TTC TCC CTC CAC 
Asp Ala Ala V«l fh« Arg Uu S«r Ala Cln Cly Aru fro Val L*u thm v«l Lya Thr Aap Lau> ' 

>iall 

>cfrl 

>Sanl »utl >t 

2120 2730 3740 27SO J HO 



TCC CCT CCC CTC XAT CAA CTC CAC CAC CAO CCA CCC CSC CTA TCC TCC CTC CCC AOS AOS CCC 
AGO CCA CCC CAC TTA CTT CAC CTC CTC CTC CCT CCC CCC CAT ACC ACC CAC COO TCC TCC CCC 
Car Cly Ala Uu Aan elw Uu Cln Aap Clu Ala Ala Krq Uu S«r Trp Uu Alt Thr Thr Cly> 



>rtpi 

>Ao«l 

>rdi2 >»vm1 

>H«tl >Napl2 



>Ka«2 



TO 1 2 990 | 3t00| 2010 2120 2120 2M0 

• *v*V«V«VV* • * * * * * * 

«TT CCT TCC CCA CCT CTC CTC CAC CTT CTC ACT CAA CCS OCA ACC CAC TCC CTC CTA TTC CCC 
CAA CCA ACC CCT CCA CAC CAC CTC CAA CAC TCA CTT CCC CCT TCC CTC ACC CAC CAT AAC CCC 
Val rr© Cya Ala Ala Val Uu Aap Val Val Thr Clu Ala Cly Arc A»p Trp Lcti Uu Uu Cly> 



>Batn 

>S3mI >Hphl 
2M0 | 21*0 | 2070 

• • • T • • 

CAA CTC COO CCC CAC CAT CTC CTO TCA TCT 
CTT CAC CCC CCC CTC CTA CAO CAC ACT ACA 
Clu val tto ciy Ola Aap Uu Uu tar tar 



2M0 2090 2900 

* • a • • • 

CAC CTT CCT CCT CCC CAC AAA CTA TCC ATC ATO 
CTC CAA CCA CCA CCC CTC TTT CAS AM TAO TAG 
II* Uu Ala fro Ala Clu Lya Val Car lit K*t> 



>aapja 
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Table 6 (Cont'd) 



mo 1 



OCT CAT CCA ATO CCC CCO CTC CAT ACC CTT CAT COO OCT ACC TCC CCA TTC CAC CAC CAA COO 
CCA CTA COT TAC CCC CCC CAC OTA TCC CAA CTA CCC CCA TCC ACC CCT AAC CTC CTC CTT CCC 
AU Aap Ala Mat Ar« Are. Lau Ml* Thr L«u Aap fro Ala Thr Cya fro »ha Aap HI a Cln Ma> 







>MqUl 












>KaaS 


xrfrioi 






39TO 


2940 


3*90 


3000 | 3010 


3020 


3030 



AAA CAT CCC ATC CAO CCA CCA CCT ACT CCC ATO CAA CCC CCT CTT CTC CAT CAC CAT CAT CTC 
TTT CTA CCC TAO CTC CCT CCT CCA TCA CCC TAC CTT CCC CCA CAA CAO CTA CTC CTA CTA CAC 
Lya Jtla Ar« XI* Civ Ar« Ala Arg Thr Arc Mat Cl« Ala Oly Lav Val Aap Cln Aap Aap L«\i> 



>Sp«l 
ttap(7S3l)l 

>9an2 >laaN2 >H»pHl 

3040 30S0 30*0 3010 3000 | 3090 

• •«• •■ • • v * • 

CAC CAA CAC CAT CAC CCC CTC CCC CCA CCC CAA CTC TTC CCC ACC CTC AAC CCC.. CSC ATC CCC 
CTO CTT CTC CTA CTC CCC CAO CCC CCT CCC CTT CAC AAC CCC TCC CAC TTC CSC COB TAC CCC 
Aap civ Clu ma Cln Cly Law Ala fro Ala civ Um fha Ala Arg U* tya Ala Arg Mat >ro> 



>Xho2 >Neol 

>iatri >$tyl 

3100 | 3110 (3130 

CAC CCC CAO CAT CTC CTC CTC ACC CAT CCC 
CTO CCO CTC CTA CAO CAO CAC TOO CTA CCO 
Aap cly oiu Aap In Val Val Thr ■!■ Oly 



Xfrl 
>taal 

3130 3140 3U0 | 

CAT CCC TOC TTC CCO AAT ATC ATC CTC CAA AAT 
CTA COO ACQ AAC CCC TTA TAC TAC CAC CTT TTA 
Aap Ala Cya t*« tn Aaa Xla Mat Val Ola Aao> 



™"""™> 58 PCI7US92/08999 

Table 6 (Cont'd) 
XfrlOX 

Xfrl 

>Eaal >Na*l >Mr3 

31*0 3170 3100 | 1 3190 »00| 3210 

• • a • • ^ • v * • •» • • • 

CCC OCC TTT TCT CCA TTC ATC CAC TCT CCC CCC CTC OCT CTC COS 6 AC OCC TAT CAG CAC ATA 
COC CCC AAA ACA CCT AAC TAO CTC ACA COO CCC CAC CCA CAC OCC CTC COS ATA CTC CTC TAT 
Cly Ax« Fha far Cly Nm XI* Aap Cya Cly Ax* ten Cly Val Ala Aap Ar« Tyr Ui Asp Jla> 



CCC TTC CCT ACC OCT CAT ATT CCT CAA CAC CTT CCC CCC CAA TCC CCT CAC OCC TTC CTC CTC 
CCC AAC CCA TCC CCA CTA TAA CCA CTT CTC CAA CCC CCC CTT ACC CCA CTC COO AAO CAC CAC 
Ala L*u Ala Thr Ara A«p IU Ala Clu Clu Vmu Cly cly Cla Trp Ala Aap A*fl Tha Law Val> 



CTT TAC CCT ATC CCC CCT CCC CAT TCC CAC OCC ATC CCC TTC TAT CCC CTT CTT CAC CAC TTC 
CAA ATC CCA TAG CCC CCA CCC CTA ACC CTC CCC TAC CCC AAC ATA COS CAA CAA CTC CTC AAC 
l*« Tyr Cly IU Ala Ala »r© Aap Sar Cla Ax« I la Ala »ba Tyr Ar« Urn La* Aap Civ Fha> 



| >Tn$_eitt_aft4/_Ko- Ku LV_D*A_a t a rt 

33SO 3)40 )J?0 3300 3390 3400 3*10 3430 

TTC TCA CCCCCACTC TCCCCTTCCA TAAAATAAAA CATTTTATTT ACTCTCCACA AAAACCCCCC AATCAAACAC 
AAC ACT OCCCCTCAC ACCCCAACCT ATTTTATTTT CTAAAATAAA TCACACCTCT lniCOCCCC TTACTTTCTC 
Ph* Sa4> 



COCACCTCTA CCTTTCCCAA CCTAOCTTAA OTAACCCCAT TTTCCAACCC ATCCAAAAAT ACATAACTCA 
CCCTCCACAT CCAAACCCTT CCATCCAATT CATTCCCCTA AAACCTTCCO TACCTTTTTA TCTATT6ACT 



>Nap03 

>rvu2 >ScoXS 

MO© 3S10 3530 3S30 | 3S40 3SS0 | 3SM 

* * a a • • v • « • • v« a 

CAATACACAA CTTCACATCA ACCTCAOCAA CACATOCAAC ACCTCAATAT CCCCCAAACA 0CATATCT9T 
CTTATCTCTT CAACTCTACT TCCACTCCTT CTCTACCTTC TCCACTTATA CCCCCHMI CCTATACACA 



Table 6 (Cont'd) PCT/US92/08999 

WOW/07906 >KtpM 

>AlwNl >fvuJ >EcoAJ 

3S70 | 3S00 )S»0 3*00 3C10 3630 )(j e 

• • « • • • • v • • • 

CCTAACCACT tCCT C CCCCC CCTCACCCOC AACAACACAT CCAACACCTC AATATCCCCC AAACACCATA 
CCATTCCTCA AGCACCCCCC CCAGTCCCCC TTCTTCTCTA CCTTCTCCAC TTATACCCC* TTTCTCCTAT 



>UwHl 

3(40 3650 «*0 3670 3680 36*0 3700 

TCTOTGGTAA CCAC1TCCTC CCCOGCCTCA CGCCCAACAA CACATCCTCC CCACATCOCO TOCACCCCTC 
ACACACCATT OCTCAACCAC CGCCCCCAGT CCOCCTTCTT CTCTACCAOC CCtCTAOOOC AGGTCGCCAC 



>Dr*j| 
>CceO10»l 

>rpuMi 



3710 3720 3730 | 3740 



accactttct acacaaccat cacatcttk caccc recce caaccacoc aaatcaccct otgccttatt 

TCCTCAAACA TCTGTTCCTA OTCTACAAAC CTCCCAOCCC CrTCCTCCAC TTTACTOCCA CAOCCAATAA 



>t«cl 

>A«il >l«tl 

>ImB3 >Av«l >B«Bl 

3100 J?tO 3100 3110 3130 | 3130 3»40 

• • • • ■ • • v • • • v • » • * * 

TCAACTAAOC AATCAOTTCO CTTCTCCCTT CTCTTCCCOC CCTTCTCCTC CCOCA0CTCA ATAAAA0AOC 
ACTTCATTOC TTACTCAAOC CAACA60CAA CACAACOCCC CCAACACCAC CCCCT06ACT TATTTTCXCS 



>B4Al 
>A«p71« 



>n«x| 
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>»»•! 



HUrt 

>UnJ 
•I 

>Acyl 
I- 

>Mu3 

; ! * 



Table 6 (Cont'd) 



>rthim 



>S<Ml 

>*»•! 

• I 

>Aqwl 

* I 
3Sf0 



>Rpnl 



mo 



3IS0 | 34(0 3970 3440 

v • • • • 

CCACAACCCC TCACTCCCCC CCCCACTCCT C06ATTCACT CACTCGCCOC OCTACCOCTC TfttCCAATAA 
CCTCTTCCCC ACTCACCCCC COGCTGAGCA CCCTAACTCA CTCACOCCCC CCATGCCCAC ATAQCTTATT 



>Styl 
3950 



AOCCTCTTCC AGTTCCATOC CACTTCTCCT CTCCCTCTTC CTTCGCACCC TCTCCTCTCA CTCATTCACT 
TCCCACAA06 TCAACCTACC CTCAACACCA CACOCACAA6 CAACCCTOCC ACACCACACT CACTAACTCA 



>Ntp|} 
3»f0 



4010 | 4030 



ACCCCTCACC CCGCCTCTTT CATTTCCCCC CTOCTCCCCC ATOOCCACAC CCCTCCCCAC CCACCACOCA 
TCCCCAGTOG CCCCCACAAA CTAAACCCCC CACCACCCCC TAOCCCTCTC CCCACCCCTC CCTCCtCOCT 



>Rphl >*«pH 



>KO -X\llV_DKA_«n4/pl » laid _p*AJja_DKA_«t*rt 
4060 40*0 | 4000 4000 



4100 | 4110 | 4l» 
• * • • » • T» 

CCCACCAOOO OCACCTAAOC TOOCTCOCTC COCCCTTTOO CTCATCAOOC tCAAAACCTC TCACACATOC 
CCCTOCTCCC CCTOCATTOO ACOCAOCCAO OGOGCAAACC CACTACTCOC ACTTTTCCAO ACTCTCTACQ 



| 4100 



A0CTCCCOCA CAOOCTCACA OCTTCTCXCT AACCOCATCC COCCACCACA CAACOOOCTC A0CCO0O6TC 
TCCACCCOCT CTGCCACTCT OCAACACACA TTOCCCTAOO COOCTOCTCT CTT060CCM TCOOCOCCM 



>mmx >K««> 
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Table 6 (Cont'd) 

| 4300 4210 4920 43)0 | 4240 4350 | 4240 

» • • • • • • • v • v « • V * • 

ACCCCCTCTT CCCCCCTCTC CCCCCCCACC CATCACCCAC TCACCTACCC ATACCCCACT CTATACtOCC 
TOCCCCACAA CCCCCCACAC OOCCCCCTOC CTACTCCCTC ACTCCATCCC TATCCOCTCA CATATCACOO 



>ftaal >Ap«Xl | >Nd«l 
4290 | 4200 | 4210 



TTAACTATCC GOCATCACAC CACATTCTAC TCACACTCCA CCATATCCGC TCTCAAATAC CCCACACATO 
AATTCATAOG COGTACTCTC CTCTAACATC ACTCTCACGT CCTATAOCCC ACACTTTATC COOTCTCTAC 



>Ha«2 >ri«i 

4340 43$0 43tO 4270 | 43«0 43*0 4400 

OCTAACCACA AAATACOCCA TCACCOCCTC TTCCCCTTOC TCCCTCACTC A C TC C CTCCC CT06CT06TT 
CCATTCCTCT tTTATOCOCT AGTCCCCCAC AAGCCCAAGC ACCCACTCAC TCACCOAOCC CACCCACCAA 



4410 4420 4420 4440 44SO 44*0 4490 

ooccToeeec cacocctatc acctcactca aacgcgctaa tacccttatc cacacaatca CCCCATAAOC 

CCCCACCC06 CTCCCCATAC T06 AC TC ACT TTCCCCCATT ATGCCAATAC CTCTCTTACT CCCCTATTCC 



>mp(7$J4)i 

>Ail2 I 

4400 I 4490 4S00 4S10 4520 4$30 4S40 

CACCAAACAA CATCTCACCA AAACCCCACC AAAACCCCAC CAACOCTAAA AAGGCCCCCT TCCTCC06TT 
OTOCTTTCTT CTACACTOCT mcO O CTCC TTTTCOCCTC CTTCOCATTT TTCOCCOCCA ACCACOOCA* 

>««•* 

4SS0 4S«0 4510 4SM 4S90 | 4400 4C10 
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Table 6 (Cont'd) 

TTTCCATAGC CTCCCCCCCC CTCACCACCA TCACAAAAAT CCACCCTCAA OTCACACCTO CCCAAACCCQ 
AAACCTATCC CAOCCCCCGC CfcCTCCTCCT ACTCTTTTTA GCTCCCACTT CACTCTCCAC OCCTTTOCCC 



4430 4*J0 4*40 4 (SO 44*0 4*70 4400 



ACAGCACTAT AAACATACCA CCOCTTTCCC CCTCGAACCT CCCTCCTCOC CTCTCCTCTT CCCACCCTCC 
TCTCCTCATA TTTCTATCCT CCCCAAAGGC CCACCTTOCA CCCACCACCC CACACCACAA CCCTCCCAOC 



>fU«2 

4(90 4700 4710 4720 4730 4740 47$0 

CGCTTACCGC ATACCT C TC C CCCTTTCTCC C TT CO CCAAC CCTCCOGCTT TCTCATACCT CACCCT6TM 
CCCAATCCCC TATCCACAOC CGCAAACACC CAACCCCTTC CCACCCCGAA ACAGTATCCA CTGCCACATC 



>Ap«Llj 

47CO 4770 4700 4700 | 4000 4410 4430 

OTATCTCACT TOCCTCTACC TO6TT0CCTC CAACCTCCCC TCTCTCCAOC AACCCCOOCT TCAGCCCCAC 
CATACAGTCA ACCCACAICC ACCAACCCAO CTTCCACCOC ACACAOCTOC TTCCCCCCCA ACTCGGCCTC 



>n«poa >t>ui 
• - 

| 4130 4140 4IS0 4040 4070 4 MO 41*0 

C6CTCCCCCT TATCOCCTAA CTATCCTCTT CACTCCAACC OCCTAACACA CCACTTATOO OCACTCCCAC 
CCCACCCCCA ATACCCCA1T CATACCACAA CTCAOCTTCO CCCATtCTCT CCTCAATACC CCtCACOCtC 



>AlvNl 

1 4900 4910 4920 40 JO 4940 49S0 4900 

CACCCACTCC TAACAOCATT ACCACAGOCA CCTATCTACC OCCTCCTACA CACTTCTTCA ACTCCTCOCC 
CTCCCTCACC ATTCtCCTAA TCCTCTCCCT CCATACATCC CCCAOCATC? CTCAACAACT TCAOCACOOC 



4970 49W 4990 SOOO S010 S020 $020 

TAACTACCCC TACACTACAA CCACACTATT TCCTATCTCC CCtCT C CT C A ACOCACTTAC CTTCCCAAAA 
ATTCATCCCG ATCTCATCTT OCTGTCATAA ACCATACAOC CCACAOCACT TCCCTCAATC CAACOCTTXT 



>H«pl2 
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$040 soso JOiO $010 soae *o*o $ioo 

ACACTTCCTA C C T C TT C ATC CGCCAAACAA ACCACOCCTC CTACCCCTCC TTTTTTTCTI TCCAACCACC 
1CTCAACCAT CCACAACTAC CCOCTTTCTT TCCTCCCCAC CATOCCCAOC AAAAAAACAA ACCTTCCTCO 



>xho3 »ttn 

>i(tn >ih«3 >n«*l 

5110 S120 | $»0 | 1140 51SO S140 S170 

ACATTAOGCC cagaaaaaaa ccatctcaac aacatocttt catcttttct aocccctctc aosctcactb 

TCTAATCCGC CTCITTTTTT CCTACACTTC ttCTACCAAA CTACAAAACA TGCCCCACAC TGCCACTCAC 

>B«tTl 

>Xho2 >B»tTJ >Pr*l 

>Xt«2 >t«pM >Hphl >XhoJ >Ah«J 

• • » | * * 

S1»0 I $1*0 $200 $210 |$220 $230 1240 

• • T • • •• •• *y y • • • * y« 

CAAOCAAAAC TCACCTTAA6 CCATTTTGCT CATC AC ATT A TCAAAAACCA TCTTCACCTA CATCCTTTTA 
CliCCllliC ACTCCAATTC CCTAAAACCA CTACTCTAAT ACTTTTTCCT ACAACICCAT CTAGCAAAAT 

>Dr»l 
>Aha) 

$}$0 $240 12)0 I2t0 %2*0 $300 $310 

AATTAAAAAT CAACTTTTAA ATCAATCTAA ACTATAIATC ACTAAACTTC CTCTCACACT TACCAATCCT 
TTAATTTTTA CTTCAAAATT f ACTTACATT TCATATATAC TCATTTCAAC CACACTCTCA ATCCTTACCA 

>»«nl >tUl 

5)20 ( J330 S340 MSO $3*0 | $370 SIM 

• • * • • • • • • T • • • • 

TAATCACTCA CCCACCTATC TCAGCCATCT CTCTATTTCO TTCATCCATA CTTCOCTCAC TOOOOCTOCT 
ATTAGTCACT COCTCCATAC ACTCCCTACA CACATAAACC AACTACCTAT CAA0GCACTC ACCCCCACCA 



| 14S0 



CTACATAACT ACCATAOCCC ACCCCTTAOC ATCTCCOCCC ACT6CTCCAA TCATACOCCO 
CATCTATTCA TCCTATCCCC TCCCCAATGC TACAOOCCCC TCAOCAOCTT ACTATGCCCC 

| $440 $470 S4M $410 | $$00 $$10 *$30 

«• • • • • • t t v • • • « • • 

TCAOCOCCTC CACATTTATC ACCAATAAAC CACCCAC006 CAAGCCCCCA COCCACAACT CGTOCTOCAA 
ACTCCCCCAC CTCTAAATAC TCCTTATTTC CTCOCTCCCC CTTCCCCCCT CGCCTCTtCA CCACCAOCTT 



PCT/US»2/«8»99 



Table 6 (Cont'd) 

>At«l 

| SSSO SSftO 



C T T T ATCCCC CTCCATCCAC TCTATTAATT CTTCCCCCCA ACCTACACTA ACTACTTCOC CACTTAATAO 
CAAATACCCC CACGTAGGTC ACATAATTAA CAACCCCCCT TCCATCTCAT TCATCAACOC CTCAATtATC 



>K*«2 
>AO«l 

>r*pi 

>rdij 

>K«tl 



>p*ti 

StJO 



rrrccccAAc cttcttccca ttcctccacc catcctcctc tcaocctoct cctttcctat cccttcattc 

AAAOCCGTTC CAACAAOCCT AA0CA06TCC CTACCACCAC ACTCCCACCA CCAAACCATA COCAACTAAC 



ACCTCCCCTT cccaaocatc aagcccagtt acatcatccc ccatcttctc caaaaaacoc cttaoctcct 

TCCAGCCCAA CCCTTCCTAC TTCCCCTCAA TCTACTAGCC CCTACAACAC CTTTTTTCCC CAATCCAOCA 



>trvl >E*«1 

>ierJ xm 

S74© | mO S7«0 | S770 1710 I7t0 1100 

• • » t • • t T « • • • 

TCCCT C CTC C CATOCTTCTC ACAACTAACT TCCCCCCACT CTTATCACTC ATOCTTATCC CACCACT6CA 
AOOCACCAOG CTACCAACAC TCTTCATTCA ACOCCOCTCA CAATAGTGAC TACCAATAOC CTOSTCAOCT 

>A«al 

>$Ctl >Hphl 

9*10 5120 S»JO SMO SI SO 1 S««0 M70 

• • ■• •• •• *• r* • • 

TAATTCTCTT ACTCTCATCC CAICCCTAAO ATCCTTTTCT CTCACTCCTO ACTACTCAAC CAACTCATTC 
ATTAACAGAA TCACACTAOC CTAOCCATTC TAOCAAAACA CACTCACCAC tCATCACTTG CTTCAGTAAO 
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Table 6 (Conc'd) 

>Klnc3 
>KLn42 









>Acyl 














>Ah«2 








58*0 


S190 


5100 


S»10 


$»20 




$140 



TCACAAtACT CTAT00G6CG ACOCACTTCC TCTTCCCOCC CCTCAACAOO CCATAATAOC CC0CCACATA 
ACTCTTATCA CATAOCCOCC TCCCTCAACC ACAACGGGCC CCACTTCTCC CCTATTATCO CGOCCTCTAT 



>Aip?00 

>Ah«J >Ma*3 >I«tri 

>0r*l >HgUU >Im) >Xh©2 >N«pl2 

S»$0 5**0 S970 | S9I0 S9»0 «ooo 4010 

CCACAACTTT AAAAGTCCTC ATCATTCCAA AACCTTCTTC CCCCCCAAAA CTCTCAACCA TCTTACCCCT 

ccrcrrcAAA rmcAccAC tactaacctt ttccaacaac cc ccc ct i rt cacactt c ct acaatcccca 

>Ih©2 >H 9 IAJ 

>l«tn >AptU I >BpM 

| C020 40J0 4040 | 40S0 4040 | 4070 

• • • • v* • 

CTTCACATCC ACrTCCATOT AACCCACTCQ TCCACCCAAC TCATCTTCAC CATCTTTTAC 
CAACTCTACC TCAACCTACA TTCCCTCACC AOCT0CCTT0 ACTACAACtC CTACAAAAT0 




>lphl 

40to «ioe tuo ci2o 4i« ci40 «»e 

CTTTCTCCCT CACCAAAAAC AGCAACCCAA AATCCCCCAA AAAACCCAAT AACCCCCACA OCCAAATGTT 
CAAACACCCA CTOCTTTTTO TOCTTOOCTT TTAOCCCOTT 1TTTCCCTTA TTOOOCCT6T CCCTTTACAA 

>S«pl >9tpSl 
4140 4170 4110 41«0 4300 4310 4330 
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Table 6 (Cont'd) 

CAATACTCAT ACTCTTCCTT TTTCAATATT ATTCAAGCAT TTATCACCCT TATTCTCTCA TCACCCCATA 
CTTATCACTA TCACAACCAA AAACTTATAA TAACTTOCTA AATACTCCCA ATAACACACT ACTCCCCTAT 



CATATTTCAA TCTATTTACA AAAATAAACA AATACCCCTT CCCCCCACAT T7CCCCCAAA ACTCCCACCT 
CTATAAACTT ACATAAAICT TTTTATTTCT TTATCCCCAA CCCCCCTCTA AAGCCCCTTT TCACCCTCCA 



>A*tJ 



>Ah*J 
>*eyl 
>Ka«2 

i 



>KcoO10»I 

>»tpM >Dra* I 

*310 | *330 «M0 (340 «»9 ] 43*0 



CAOCTCTAAO AAACCATTAT TATCATCACA TTAACCTATA AAAATAGCOS TATCAOCACC COCTTTCCTC 
CTCCACATTC TTTCCTAATA ATACTACTCT AATTCCATAT TTTTATCCCC ATACTCCTCC CCCAAACCAO 



TTCAA 



<yM« which do not cut USMUIU i 

CU1 Hp«l Rml SmM 

»r«J Ml«l ftlxl t f li 

Btpia tcoOUI Nrel I«c3 l.ti 

»»til t«»l Hot! Call 
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To generate the LXSN-RI-IL2 retroviral vector* 10 
micrograms of pLXSN-RI-IL2 DNA was transfected into the 
ecotropic packaging cell line PE501 by standard calcium 
phosphate precipitation methods (Miller et al., Mol. Cell 
5 Biol. 6:2B95, 1986). The transfected PE501 cell line was 
grown in DMEM medium with 10% FCS. The medium was changed 
after 24 hours and supernatant harvested 24 hours later to 
infect the amphotropic packaging cell line PA317 as 
described (Miller et al., Mol. Cell Biol. 6:2895, 1986 and 

10 Miller et al., BioTechniques 7:980, 1989). The infected 
PA317 cells were harvested by trypsinization 24 hours later 
and replated 1:20 in DMEM containing 10% FCS and the 
neomycin analogue G418 (400 /jg/ml). The cells were grown 
at 37 *C in 7% C0 3 atmosphere. The selection medium was 

15 changed every 5 days until colonies appeared. On day 14, 
twenty colonies were selected, expanded and tested for 
viral production by standard methods ( Xu et al . , Virology 
171:331-341, 1989). Briefly, supernatants were harvested 
from confluent culture dishes, passed through a .45 jxm 

20 filter, diluted with DMEM with 10% FCS and utilized to 
infect NIH 3T3 cells in the presence of 8 yg/ml polybrene. 
After 24 hours, the infected NIH 3T3 cells were grown in 
culture medium that contained the neomycin analogue G418. 
After 12-14 days, the colonies were stained, counted and 

25 the viral titer calculated as described (Xu et al., 
Virology 171:331-341, 1989). 

Colonies with the highest viral titers (>10* 
infectious units/ml) were tested for IL-2 expression by 
Northern blot analyses. Colonies with the highest viral 
30 titers and documented IL-2 expression were cryopreserved 
and will be utilized as stock cultures to produce the LXSN- 
RI-IL2 retroviral vector trial. 
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EXAMPLE IV 

RETROVIRAL VECTOR CON STRUCTION AND CYTOKINE EXPRESSION 

To increase IL-2 production by transduced cell 
lines, vectors were used containing different promoters to 
5 drive IL-2 expression, and a human IL-2 cDNA was 
directionally sub-cloned into the insulin secretory signal 
peptide (17). The IL-2 cDNA was directionally sub-cloned 
into the parental plasmids of the LXSN (LTR promoter} and 
LNCX (CMV promoter) vectors (gifts of Dr. A.D. Killer) 

10 (18). The newly constructed vectors (Figure 1), designated 
as LXSN-IL2 and LNCX-IL2, were packaged in the PA317 cell 
line for production of retroviral supernatant. As a 
control, the high level expressing, double copy vector 
DC/TKIL-2 vector (thymidine kinase promoter) (a gift of Dr. 

15 E. Gilboa) was used for comparison. 

These vectors were used to transduce a number of 
murine and human, primary and established cell lines. 
Pools of transduced cells were selected and expanded in 
DMEM medium, containing 10% fetal bovine serum (PBS) and 
20 400 pg/ml of active G-418, a neomycin analogue. The 
results of expression studies in the MCR9 and Balb/c 3T3 
cell lines are presented in Table 7 . 
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Table 7 

Comparison of IL-2 expression by fibroblasts 
transduced with different IL-2 vectors. 

5 

nq IL-2 Units Xfc-,2 

Fibroblast Vector per 10' cells per day 



Murine 


LNCX 


(Control) 


0 


.4 


±50% 


<1 




LNCX- 


-IL2 


33 


.7 


±11% 


67 




LXSN- 


■IL2 


6 


.6 


± 6% 


13 




DC/TKIL-2 


1 


.9 


± 5% 


4 


Human 


LXSN 


(Control) 


0 


.7 


±29% 


1 




LNCX- 


■IL2 159 


.5 


±17% 


319 




LXSN- 


•IL2 


25 


.5 


±15% 


51 




DC/TKIL-2 


3 


.0 


±10% 


6 
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EXAMPLE V 

FIBROBLAST CULTURE AND CONDITION S FOR RETROVIRAL 
TRANSDUCTION 

The culture conditions for the growth of primary 
5 fibroblasts retroviral transduction were optimized. 
Primary fibroblasts were successfully cultured. The 
optimal conditions enable the growth of approximately 3-4 
x 10* primary fibroblasts from a 12 mm a skin biopsy in 
approximately 4-6 weeks. Retroviral infection, G418 
10 selection, and expansion of the genetically modified 
fibroblasts takes an additional 4-6 weeks. 

Exploring the conditions for genetic modification 
of primary fibroblasts suggests that optimal transduction 
may be obtained by the following procedure: The fibroblasts 

15 are synchronized in Gl phase by serum starvation, followed 
by stimulation with medium containing 15% fetal bovine 
serum 15 hours prior to transduction. The cells are then 
subjected to 2 cycles of retrovirus infection, each cycle 
lasting approximately 3 hours. The cells are refed with 

20 fresh media overnight, and then selection in G418 is 
initiated the next day. This method is capable of 
transducing 5-15% of the fibroblasts in a culture, 
depending on the multiplicity of infection. 

This procedure was used to transduce a large 
25 number of primary and established fibroblasts. As an 
example, Table 8 compares the expression levels of IL-2 in 
fibroblast lines transduced with LXSN-IL2 . 
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Table 8 



Expression of IL-2 by fibroblasts transduced with LXSN-IL2 . 



5 Fibroblast na IL-2 Units IL-2 

Line Species Origin per 10' cells per day 



Balb/c 3T3 


Murine 


Transformed 


6.6 


± 6% 


13 


MCR9 


Human 


Embryonic 


25.5 


±15% 


51 


NHDF 313 


Human 


Skin 


25.0 


±10% 


SO 


GT1 


Human 


Skin 


15.0 


± 5% 


30 



These results indicate that the IL-2 expression 
levels in established, embryonic, and primary fibroblast 

15 cultures are similar. Comparison of these data with Table 
7 suggest that IL-2 expression is affected more by factors 
such as different promoters than by the fibroblast line 
used. Similarly, changes in culture conditions can have 
important effects on IL-2 expression. Table 9 shows that 

20 transduced 6T1 cells, a primary human fibroblast culture 
expressed 15-fold more IL-2 under 100 yg/ml G418 selection 
than under 25 pg/ml G418 selection. Several other primary 
fibroblast lines have also been transduced with our vectors 
and are currently growing under G418 selection. 
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Effect of G418 concentration on IL-2 expression by GT1 
cells transduced with LXSN-IL2. 

Selection dose ng IL-2 secreted 

of G418 per 10 s cells per day* 





25 yq/ml 


1.0 


± 


10% 


10 


50 pg/ml 


3.0 


± 


6% 




100 yq/ml 


15.0 


± 


5% 



'After three weeks of G418 selection. 



EXAMPLE VI 

15 COMPARISON OF IL-2 EXPRESSION LEVELS INDUCED 

PERIPHERAL BLOOD LYMPHOCYTES AND 
GENETICALLY MODIFIED FIBROBLASTS 

In order to compare the production of IL-2 by 
genetically modified fibroblasts to that achieved by 

20 stimulating normal human peripheral blood lymphocytes 
(nPBL) in vitro . nPBL were isolated by Ficol-Paque density 
centrifugation, and cultured in the presence of allogeneic 
nPBL (mixed lymphocyte culture, MLC) or 2 jjM calcium 
ionophore (CI) (A23187) free acid) plus 17 nM phorbol 12- 

25 myristate 13-acetate (PMA) . The results of this 
experiment, present in Table 10, indicate that the level of 
IL-2 expression in the PHA/CI stimulated normal T cell 
population was 2 ng/10 6 cells/24 hours. This is equivalent 
to IL-2 expression by Balb/c 3T3 fibroblasts transduced 

30 with DC/TKIL-2 (Table 7), our least productive vector. The 
level of IL-2 expression in the MLC was 130 pg/10* cells/24 
hours. This was lower than the PMA/CI stimulated culture, 
presumably because PMA/CI induced a nonspecific response 
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while MLC resulted in specific Th stimulation. When the 
estimated percentage of antigen-specific Th in the MLC- 
stimulated population is taken into consideration, the 
level of IL-2 expression per stimulated T cell becomes 
5 equivalent for both methods. 



Table 10 

Levels of IL-2 secretion by different cells. 

pg IL-2 secreted 
10 Cells per 10' cells per day 



Lymphocytes : 

Control (non-activated) 5 ± 50% 

PMA + Calcium Ionophore 2,000 ± 6% 

Mixed lymphocyte culture 130 ± 90% 



Transduced fibroblasts: 

MCR9-LXSN-IL2 24,000 ± 5% 

MCR9-LNCX-IL2 162,000 t 20% 

MCR9-DC/TKIL-2 10,000 ± 6% 



EXAMPLE VII 



FIBROBLAST MEDIATED CYTOKINE GEN E THERAPY 
IN MURINE TU MOR MODELS 



Two experimental protocols were used to study the 
25 efficacy of f ibroblast-mediated cytokine gene therapy on 
induction of anti-tumor immunity. The first protocol was 
designed to test the effects of genetically modified 
fibroblasts on tumor implantation, while the second 
protocol was designed to induce a systemic anti-tumor 
30 immunity. The results of each experiment are presented 
with two figures and one table. In the first figure, the 
rate of tumor growth for each treatment group is presented 
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as the mean tumor size in the group over time. In the 
second figure, a Kaplan-Meier curve presents the time of 
tumor onset for the individual animals in each treatment 
group. The number of animals, the number and percentage of 
5 tumor free animals, and the tumor size distribution 
patterns for each experiment are presented in a table. 

EXAMPLE VH(a) 

EFFECT OF FIBROBLAST MEDIATED CYTOKINE GENE 
THERAPY ON TUMOR IMPLANTATION 

10 Mice were injected subcutaneously with mixtures 

of 5 x 10* CT26 cells and 2 x 10* fibroblasts genetically 
modified by different retroviral vectors to express IL-2. 
In the control arms injected with tumor cells only, or with 
tumor cells mixed with unmodified fibroblasts, 31 of 33 

15 animals (94%) developed tumors by 4 weeks (Figures 6 and 7, 
Table 9). In contrast, 22 out of the 34 animals (65%) 
receiving fibroblast mediated cytokine gene therapy were 
tumor free at 3 weeks, and 5 animals (18%) remain tumor 
free after 12 weeks. Those animals that received 

20 fibroblast mediated IL-2 therapy and developed tumor were 
characterized by a delayed onset and rate of tumor growth. 
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After 3 weeks the mean tumor size (measured as 
the product of the longest and widest tumor axes) in the 
control group of mice was 128 mm 3 , compared to 68 and 7 mm 2 
in groups of mice injected with tumor cells mixed with 
5 fibroblasts transduced with DC/TKIL-2 or LNCX-IL2 , 
respectively. This resulted in a highly significant 
difference (corrected x 2 - 18.69, p » 0.001) between the IL- 
2 treated animals compared to the mice treated with CT26 
alone or CT26 mixed with unmodified fibroblasts. After 

10 four weeks the equivalent measurements were 373,300 and 72 
mm s (Table 11). It is notable that LNCX-IL2, the highest 
expressing vector caused substantially greater inhibition 
of tumorigenicity than the lower expressing vector DC/TKIL- 
2. A multivariate non-parametric statistical procedure 

15 (19,20), utilized to evaluate differences in tumor growth, 
demonstrated that after 4 weeks the differences between the 
growth curves for the four groups presented in Figure 2 
were highly significant (p < 0.001). Subsequent 
comparisons between the control arm and animals that 

20 received tumor cells mixed with IL-2 transduced fibroblasts 
revealed a significant difference (P < 0.05). The 
differences between the animals injected with tumor cells 
alone, and those injected with tumor cells plus unmodified 
fibroblasts were not significant, while the differences 

25 between animals receiving low IL-2 expressing fibroblast, 
and those receiving high IL-2 expressing fibroblasts was 
significant (P ■ 0.05). 

When mice were injected with 2 x 10* modified 
fibroblasts mixed with 1 x 10* live tumor cells the results 

30 became more striking (see Figures 8 and 9, and Table 12). 
All the control animals developed tumors after 4 weeks 
whereas 33% and 27% of the animals treated with fibroblasts 
modified with the DCTK-IL2 or LXSN-IL2 vectors 
(respectively) remain tumor free after 7 weeks (the 

35 experiment is ongoing). More dramatically, 75% of the 
animals treated with fibroblasts modified with the highest 
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IL-2 producing vector, LNCX-IL2 , remain tumor free after 7 
weeks. These data clearly demonstrate the importance of an 
initial high dose of IL-2 to prevent tumor establishment. 
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As an additional control, mice were injected with 
CT26 cells genetically modified to express IL-2 (results 
not shown) . Injection of up to 1 x 10 s IL-2 expressing 
tumor cells into Balb/c mice failed to produce tumors. 
5 Injection of higher numbers however, resulted in some 
animals developing tumors with delayed onset. These data 
confirm the results reported in the literature ( 1 ) . In 
order to compare the efficacy of IL-2 producing fibroblasts 
to IL-2 producing tumor cells, we mixed 2 x 10 s CT26 tumor 

10 cells modified with the DCTK-IL2 vector with 1 x- 10 s 
unmodified tumor cells. Figures 10 and 11, and Table 13 
show that DCTK-IL2 modified tumor cells are somewhat 
effective in preventing tumor development. Four weeks 
after injection, the mean tumor size for the treatment arm 

15 is 303 mm 2 , compared to 620 mm 2 for the control arm. After 
22 weeks, one animal (10%) remains tumor free, compared to 
none in the control arms. Data for animals treated under 
the same conditions with DCTK-IL2 modified fibroblasts in 
a separate experiment are included for comparison purposes. 

20 This comparison suggests that DCTK-IL2 modified tumor cells 
have an effect on tumor establishment similar to that of 
DCTK-IL2 modified fibroblasts. 
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EXAMPLE VII <b) 

EFFECT OF FIBROBLAST ME DIATE CYTOKINE GEME THERAPY 
ON SYSTEMIC ANTI-TUMOR IMMUNITY 

Groups of Balb/c mice were immunized with 
5 2.5 x 10 s irradiated tumor cells either alone or mixed With 
2 x 10' transduced or unmodified fibroblasts, and challenged 
one week later with 5 x 10 4 live tumor cells in the opposite 
flank. These results (Figures 12 and 13, and Tabli 14} 
demonstrate that immunization with irradiated tumor cells 
10 and transduced fibroblasts protect some animals against a 
live tumor challenge, but that the protection is only 
slightly better than that achieved by immunization with 
irradiated tumor cells alone or irradiated tumor cells 
mixed with unmodified fibroblasts. 
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In a second protocol similar to the one described 
above, animals were challenged with fresh tumor cells two 
weeks following immunization with irradiated tumor cells 
mixed with fibroblasts. The results, shown in Figures 14 
5 and 15, and in Table 15, demonstrate that DCTK-IL2 modified 
fibroblasts mixed with irradiated tumor cells confers 
superior protection to subsequent tumor challenge than 
irradiated tumor cells alone, irradiated tumor cells mixed 
with unmodified fibroblasts, or irradiated tumor cells 

10 mixed with LNCX-modif ied fibroblasts. After 7 weeks, seven 
of ten animals (70%) treated with DCTK-IL2 modified 
fibroblasts remain tumor free compared to only one third of 
the control animals. At four weeks, the mean tumor size of 
this group was 41 mm 2 , compared to 180, 170, and 140 nm a f or 

15 the three control groups. Animals treated with LNCX-IL2 
modified fibroblasts were also protected against subsequent 
tumor challenge, but the results were less striking. In 
this group, 54% of the animals remain tumor free and the 
mean tumor size for the group at four weeks was 86 mm 1 . The 

20 number of tumor free animals in the group treated with 
LXSN-IL2 modified fibroblasts was similar to the control 
groups, although the tumors were slightly delayed in their 
onset. A multivariate non-parametric statistical procedure 
(19, 20), utilized to evaluate differences in tumor onset, 

25 demonstrated that the differences for the six arms 
presented in Figure 15 were significant (p ■ 0.012). It 
further showed that the saline control arm and the arms 
that received irradiated tumor cells alone or mixed with 
unmodified or LNCX vector modified fibroblasts formed a 

30 statistical group. A second, distinct statistical group 
was formed by the three arms that received IL-2 vector 
modified fibroblasts mixed with irradiated tumor cells. 
Subsequent comparisons between the saline injected control 
arm and animals that received tumor cells mixed with IL2 

35 transduced fibroblasts revealed a significant difference 
for all vectors (p < 0.05). 
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These results demonstrate the feasibility of 
using genetically modified fibroblasts as a means of 
delivering cytokine gene therapy. In all experiments/ the 
LNCX-L2 vector proved superior in preventing tumor 
5 establishment while the DCTK-IL2 vector was better lit the 
induction of systemic protection against subsequent tumor 
challenges. These contrasting effects, although somewhat 
surprising, can be explained by the observation that the 
CMV promoter is turned off in vivo five days after 
10 implantation while the TK promoter remains active for a 
longer period of time. The implication of this finding is 
that to apply this method of gene therapy successfully we 
have to use promoters that result in high level, sustained 
expression of IL-2 in vivo in the transduced fibroblasts. 

15 The data obtained from this research effort has 

important implications for all cytokines that have either 
direct or indirect anti-tumor effects. Furthermore, this 
data suggests that anti-tumor efficacy is IL-2 dose 
dependent. Hence, construction of vectors which result in 

20 higher levels of cytokine secretion will be a significant 
advance toward the application of this method of gene 
therapy . 

Reference numbers in parenthesis in the above 
examples correspond to the following list of references and 
25 are incorporated herein by reference. 
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Although the invention has been described with 
reference to the presently-preferred embodiment, it should 
be understood that various modifications can be made 
without departing from the spirit of the invention. 
5 Accordingly, the invention is limited only by the following 
claims. 
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WE CLAIM: 

1. A method of treating cancer in a patient 
comprising the stimulation of that patient's immune 
response against the cancer by immunizing said patient at 
a site other than an active tumor site with a formulation 

5 comprising tumor antigens and CE cells genetically modified 
to express at least one cytokine gene product. 

2. The method of claim 1 wherein tumor cells 
previously isolated from said patient provide the tumor 
antigens. 

3. The method of claim 1 wherein the cytokine 
gene is selected from the group consisting of interleukin- 
1, interleukin-2 , interleukin-3 , interleukin-4 , 
interleukin-5, inter leukin-6, and gamma-interferon. 

4. The method of claim 3 wherein one cytokine 
gene is interleukin-2. 

5. The method of claim 1 wherein at least one 
cytokine gene is transferred into cells to generate CE 
cells by recombinant methods. 

6. The method of claim 5 wherein the cytokine 
gene is present in an expression vector. 

7. The method of claim 6 wherein said 
expression vector additional contains a suicide gene. 

8. The method of claim 5 wherein the CE cells 
are generated from fibroblasts and antigen-presenting 
cells. 
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9. A method for enhancing a patient 1 s immune 
response to a cancer comprising: 



a) isolating fibroblasts from said 
patient; 

b) culturing said fibroblasts in vitro : 

c) transducing said fibroblasts with a 
retroviral expression vector containing 
the gene coding for IL-2 and a gene 
coding for a tumor antigen in a 
retroviral expression vector, to 
express said tumor antigen and to 
express and secrete said IL-2 by said 
fibroblasts; and 

d) immunizing said patient with said 
fibroblasts that express IL-2 at a 
level sufficient to enhance an ianine 
response but low enough to avoid 
substantial systemic toxicity and that 
express said tumor antigen, at a site 
other than an active tumor site. 



10. The method of claim 9 wherein said 
fibroblasts are further modified to express a suicide gene. 

11. A composition for increasing a patient's 
immune response to tumor antigens comprising tumor antigens 
and CE cells genetically modified to express at least one 
cytokine gene product. 



12. The composition of claim 11 wherein the 
cytokine gene is selected from the group consisting of 
interleukin-1, interleukin-2, interleukin-3 , interleukin-4 , 
inter leukin-5, interleukin-6, and gamma interferon. 

13. The composition of claim 12 wherein one 
cytokine gene is interleukin-2. 
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14. The composition of claim 11 wherein each 
cytokine gene is expressed at a level sufficient to 
stimulate the immune response but low enough to. avoid 
substantial systemic toxicities . 

15. The method of claim 9 wherein in said 
transducing step said retroviral expression vector has a 
promotor causing sustained secretion of IL-2. 

16. The method of claim 15 wherein said 
retroviral expression vector causes the secretion of at 
least four units of IL-2 per day for a period of ten, days 
or longer. ~7] 
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